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Welcome to the first NCT Translational Science Meeting. This event is an exciting opportunity to
create a new forum to identify the most promising early laboratory research opportunities and move
them rapidly and efficiently toward the clinic.

NCT has devoted considerable time and effort over the last 4 years to intensively studying how we
conduct translational and clinical research. The Clinical Trials Working Group (CTWG@G) and its
successor, the Translational Research Working Group (TRWG), defined a series of developmental
pathways that are key to moving laboratory discoveries into early-stage clinical trials. Focused on
realizing the promise of molecular oncology for patient and public benefit, the TRWG’s first objective
was to improve coordination and collaboration and instill a culture of active, goal-oriented
management for the translational research enterprise. A second objective was to improve identification
of the most promising carly translational research opportunities across disease sites, populations, and
pathways.

As we work to implement those recommendations, NCI is committed to becoming a more robust drug
development resource for the cancer community—and to facilitating the vital collaborations from the
public, private, and academic sectors that are necessary to make safe, efficacious multi-agent cancer
therapies a reality for all of our patients. This meeting is certainly important for its science, but also as
a symbol of our mutual commitment to progress in rapidly advancing—and changing—translational
research.

It is my great hope that this meeting, with concurrent poster sessions and discussions, will help expand
the range of collaborations and interactions among NCI-supported investigators and help us all better
understand and put to use the CTWG and TRWG recommendations.

Most of all, this meeting is a chance to share outstanding science, to learn about each others’ research,
and ultimately to identify projects that we can move forward immediately. The success of this meeting
will spring from the generous contribution of your time and participation. For that, I, along with all of
my NCI colleagues, am most appreciative,

John E. Niederhuber, M.D.
Director
National Cancer Institute
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Welcome to NCI Translates: The NCI Translational Science Meeting. This inaugural
meeting brings together investigators from across all NCl-supported translational
research mechanisms to share their expertise with the overall goal of accelerating
translational cancer research.

This is NCI’s first step towards implementing the Translational Research Working
Group’s (TRWG) recommended prioritization process. It will familiarize the research
community with the TRWG Pathways to Clinical Goals, which serve as a guide for
processes required to advance promising basic science discoveries to early-phase clinical
trials.

During the poster discussion sessions, colleagues will share scientific expertise in order
to identify collaborations that might advance discoveries to the clinic as rapidly,
efficiently, and effectively as possible. The products arising from this meeting are
expected to demonstrate the breadth, quality, and maturity of translational research
opportunities, as well as the feasibility of applying the Pathways as a prioritization tool.

We thank you in advance for participating in this novel endeavor and for helping to
transform translational cancer research.

On behalf of the NCI Translational Science Meeting Program Committee,

Stheeln A. Obindiv/le

Lynn M. Matrisian, Ph.D. Sheila Prindiville, M.D., M.P.H.
Special Assistant to the NCI Director Director, Coordinating Center for Clinical Trials
National Cancer Institute Office of the Director

National Cancer Institute
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Agents: Biochemical Targets & Drug Screening

001 Activation of Caspase-Independent Programmed Cell Death Overcomes
Apoptosis Resistance in Ovarian Cancer Cells

Ayesha B. Alvero, Michele K. Montagna, Ki Hyung Kim, Gil Mor

Department of Obstetrics, Gynecology, and Reproductive Services, Yale University School of Medicine

Introduction: Chemoresistance is a major burden in the treatment of patients with ovarian cancer and is
associated with failure to induce apoptosis. In pan—resistant cancer cells, the full induction of the apoptotic
cascade is inhibited due to high levels of expression of anti-apoptotic proteins, which prevent caspase activation.
The objective of this study was to evaluate whether the activation of a caspase-independent alternative pathway
could promote cell death in chemo-resistant ovarian cancer cells. We describe the characterization of a novel
compound, NV128, which promotes cell death in a caspase-independent manner in chemo-resistant ovarian
cancer cells.

Methods: Eight primary cultures and two established epithelial ovarian cancer (EOC) cell lines were treated
with increasing concentrations of NV128 (0.1, 1, and 10 ug/ml) with or without the pan-caspase inhibitor, Z-
VAD-FMK. Cell viability was determined after 24h using the Celltiter 96 assay. DNA fragmentation was
analyzed by flow cytometry with Hoechst and Propidium iodide staining. Activity of caspases- 3/7, -8, and -9
was measured using Caspase-Glo assay. Protein expression was determined by Western blot analysis.

Results: NV128 treatment decreased cell viability in all tested EOC cells lines in a dose-dependent manner with
ICsp between 1 and 5 ug/ml. Flow cytometry analysis revealed DNA fragmentation, with >90% cells staining
double-positive for Hoechst and Propidium iodide after 24h. Cell death was however, caspase-independent as
evidenced by the lack of caspases- 3/7, -8, and -9 activity and the inability of the pan-caspase inhibitor, Z-VAD-
FMK, to prevent cell death. DNA fragmentation was observed as the result of the activation of an intracellular
pathway involving: down-regulation of pAKT, cleavage of LC3 to LC3-II, Beclin mitochondrial translocation
leading to Bcl2 inhibition, and nuclear translocation of EndoG.

Conclusion: We describe an alternative pathway leading to DNA fragmentation and cell death, which does not
depend on caspase activation. Our findings demonstrate the possibility of using therapeutic drugs, such as
NV128, which could overcome resistance to the classical caspase-dependent apoptosis and therefore have
beneficial effects in chemo-resistant ovarian cancer patients.

Keywords: ovarian cancer, mTOR, caspase independent
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Agents: Biochemical Targets & Drug Screening

002 A Drosophila Approach to Exploring Cancer Mechanisms and
Therapeutics

Erdem Bangi, Tirtha Das, Susumu Hirabayashi, Benjamin Levine, Marcos Vidal, Ross Cagan

Department of Developmental and Regenerative Biology, Mount Sinai School of Medicine

Cancer has proven a difficult disease to achieve significant long-term advances in patient survival;
improvements in survival are often measured in months. Given this complexity, we have combined our
approaches to take broader, whole animal approach to the complexities inherent in cancer and associated
metastasis.

My laboratory has undertaken a genetic and drug screening approach targeting cancer and metastasis utilizing
the fruit fly Drosophila. We have modeled several cancers including thyroid, breast, and lung. We have used
these models to identify several pathways that mediate overgrowth and metastasis. Further, careful analysis of
discrete tumors has suggested a novel model in which metastasis is the outcome of early, local interactions
between normal and transformed epithelial cells specifically at tumor boundaries. We have worked with
pathologists to identify evidence for this ‘boundary effect’ in human squamous cell carcinomas.

Using robotics, my laboratory has developed a method of high-throughput drug screening using robotics to
screen Drosophila models of cancer and metastasis. This whole animal approach has helped identify a
compound currently in Phase III clinical trials for Ret-based Medullary Thyroid Carcinoma and several
candidate compounds that suppress metastasis in the fly and mouse. We are currently examining drug
combinations and also screening for compounds that sidestep mutations that can lead to drug resistance. This
whole animal approach holds promise to account for the inherent complexity of tumors in situ, which will aid in
both exploring cancer mechanisms and identifying candidate therapeutics.

Keywords: Drosophila, MENZ2, thyroid, breast, lung, drugs
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Agents: Biochemical Targets & Drug Screening

003 Translational Development of Delta-24-RGD for the Treatment of
Patients With Malignant Gliomas

Juan Fueyo

The University of Texas M. D. Anderson Cancer Center

Malignant brain tumors are among the most deadly human cancers with a median survival of only one year.
However, we have shown that Delta-24-RGD, a new, tumor-selective, infectivity-augmented, replication-
competent oncolytic virus characterized by our group at M.D. Anderson may be an effective treatment against
gliomas. Compared to other oncolytic adenoviruses, Delta-24-RGD is unique because its tumor selectivity is
based on an alteration of the viral E1A gene, which renders it more selective and potent than previous oncolytic
adenoviruses, and because of the addition of an RGD motif in the fiber knob, which increases its infectivity of
tumor cells compared with normal cells. Indeed, preclinical studies have demonstrated the capacity of Delta-24-
RGD to eradicate human gliomas in an animal model of the disease, and an IRB-approved Phase I clinical trial
in patients with recurrent malignant gliomas (PI: FF Lang) is scheduled to begin in 2006 using GMP-grade
agent, manufactured under the NIH RAID program (PI: WKA Yung/ J Fueyo). Despite the promising
preclinical results supporting the Phase I trial, the ultimate success of Delta-24-RGD rests on its capacity to
replicate in and spread throughout gliomas in situ, i.e. in patients. However, it is currently unclear the extent to
which Delta-24-RGD is capable of producing oncolysis in tumors in patients. Consequently, a major goal of this
project is to determine the extent to which Delta-24-RGD is capable of replicating in and spreading through
human gliomas in situ. Although preclinical studies indicate successful viral replication and spread is likely to
occur in patients’ tumors, it is possible that for gliomas in situ complete tumor eradication (cure) may be limited
at least partly by molecular impediments to viral oncolysis that reduce efficacy, and by complex physical
barriers that will reduce the spread of virus from the site of injection to the edges of these infiltrative brain
tumors. In this context, we have shown that the efficacy of Delta-24 is increased by combining it with specific
chemotherapeutic agents, particularly Temozolomide (TMZ), a recently approved first line therapy for gliomas
that is now considered standard of care. Interestingly, preliminary data indicate that Delta-24-RGD and TMZ
have a synergistic anti-glioma effect, which is mediated at least in part by Delta-24-RGD-induced inhibition of
MGMT and other DNA-repair pathways. Thus, the overall hypothesis of this project is that Delta-24-RGD will
be efficacious in human glioma in patients specifically because of its capacity to replicate in and lyse tumor
cells, and that the efficacy of the Delta-24-RGD can be improved by combining it with Temozolomide. In this
grant application, we propose clinical and translational studies that by addressing our hypothesis will provide the
fundamental information necessary for advancing this viral approach to useful clinical application.

Keywords: adenovirus, oncolytic viruses, E2F pathway
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Agents: Biochemical Targets & Drug Screening

004 Anti-Angiogenic Therapy of Anaplastic Gliomas Using Thrombospondin
Peptide and Radiation

Candece L. Gladson, L. Burt Nabors, Constance Y. Fears, Tanya A. Rege, G. Yancey Gillespie,
Jack Henkin, Rod Humerickhouse

Departments of Pathology, Neurology and Surgery, University of Alabama at Birmingham; Abbott Laboratories, Inc.

The most frequent malignant brain tumors in adults are anaplastic gliomas, which are also the most lethal due to
resistance to radiation and chemotherapy. These tumors are characterized by a substantial angiogenesis,
inhibition of which is perceived to be an important strategy for limiting growth of these tumors. A number of
natural molecules exist that are capable of inhibiting neovascularization. Among these, thrombospondin found
in serum and some organs, and a small peptide derived from thrombospondin have been shown to induce
apoptosis in microvascular endothelial cells that comprise these new blood vessels [Rege et al, 2005]. In the
UAB Brain Tumor SPORE, Project #5, “Mechanism of Inhibition of Angiogenesis by Thrombospondin-1 and -
2”, Candece L. Gladson, M.D. and L. Burt Nabors, M.D. have determined that TSP-2 synthesized by host brain
cells acted to inhibit angiogenesis in malignant gliomas [Fears et al., 2005]. Moreover, a thrombospondin
peptide (CSVTCGDGVITRIR) was shown to induce apoptosis of proliferating brain microvascular endothelial
cells by binding to CD36 and inducing proliferating endothelial cells to express Tumor Necrosis Factor-alpha
(TNFa). Secreted TNFa was shown to ligate the TNF receptor and induce the cell death cascade. This novel in
vitro observation was confirmed in two separate preclinical mouse brain tumor models in which the
development of neovascularization and attendant growth of malignant gliomas in the brain was remarkably
reduced by therapy with the thrombospondin peptide. In addition, these studies demonstrated that Src and focal
adhesion kinase were necessary for anaplastic glioma proliferation in vitro and in vivo in mouse brain tumor
models [Stettner etal, 2005; Ding et al., 2005].

These studies underpinned the rationale for a Phase I clinical trial using escalating doses of a peptide (ABT510)
derived from Thrombospondin-1 together with standard radiation therapy (60Gy) to generate an anti-angiogenic
effect. Twenty-four patients newly diagnosed with glioblastoma multiforme tumors received daily
administration of ABT-510 during chemoradiation therapy, then daily thereafter. Doses were escalated in 4
successive cohorts of 3 patients each from 20 mg to 200 mg. An MTD was not defined. The last cohort was
expanded by 12 patients for additional safety and response data. Response to therapy was assessed by MRI to
determine changes in enhancing tumor volume. Time to tumor recurrence and overall patient survival times are
being collected. Perfusion MRI was used to determine any changes in blood flow or blood volume in the tumor
compared with contralateral uninvolved brain tissue. Tumor tissue initially resected was tested for the presence
and amount of Thrombospondin-1 or -2.

Keywords: thrombospondin peptide, anti-angiogenesis, glioblastoma
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Agents: Biochemical Targets & Drug Screening

005 Preclinical Development of SR13668, a Novel Dietary Indole Analog for
Cancer Prevention and Therapy

Carol E. Green', Wan-ru Chao', James Bakke', Izet M. Kapetanovic?, James A. Crowell?, Ling Jong'
'SRI International; *National Cancer Institute

SR13668 (2,10-Dicarbethoxy-6-methoxy-5,7-dihydro-indolo[2,3-b]carbazole) is optimized from the in vivo
active components of indole-3-carbinol, a naturally occurring anticancer agent commonly found in cruciferous
vegetables. SR13668 exhibited potent oral anticancer activity against various human cancer xenografts in nude
mice, including breast, prostate, lung and ovarian cancer. Its pharmacological profile is consistent with selective
inhibition of phospho-Akt. SR13668 blocked EGF-stimulated Akt activation and inactivated its downstream
effector GSK3p in PC-3 prostate cancer cells in a dose-dependent manner. SR13668 has no adverse effects on
the fasting glucose levels or body weights after 14 days of oral treatment with SR13668 at 500mg/kg/day, a dose
more than 50 times higher than the dose needed for antitumor activity. Screening a broad selection of 32 kinase
targets, including Akt(1,2,3), PI3K, and PDK1, indicated that SR13668 is not a kinase inhibitor. SR13668
appears to inhibit Akt activation by blocking growth factor-stimulated Akt phosphorylation.

The drug development of SR13668 is supported by the NCI’s Rapid Access to Preventive Intervention
Development (RAPID) Program. Following a successful scale-up cGMP synthesis, SR13668 is being evaluated
in standard toxicology studies to support Investigational New Drug (IND) filing. SR13668 did not show any
liability in the standard genotoxicity battery testing (bacterial mutagenesis, in vitro chromosomal aberration, and
in vivo mouse micronucleus). In a repeated 28-day oral dose toxicity study in male and female rats, the
maximum tolerated dose (MTD) of SR13668 is considered to be greater than 1000 mg/kg/day based on the
absence of drug-related mortality, morbidity, and organ toxicity at this dose level. Daily oral capsule
administration of SR13668 at 30, 150, and 500 mg/kg for 14 days was well tolerated in both male and female
beagle dogs. Cardiovascular safety pharmacology showed no changes attributed to SR13668 treatment. No
dose-related toxicities or target organs of toxicity were identified by histological evaluation. Based on these
findings, the NOAEL (no observable adverse effect level) in male and female beagle dogs is estimated to be
above 500 mg/kg. Oral bioavailability of SR13668 at 30 mg/kg was approximately 20% in male rats and 25-
40% in female rats. To optimize the bioavailability of SR13668 for clinical trials, study to evaluate different
formulations under exploratory IND is in planning stages.

Keywords: Akt signaling pathway, indole-3-carbinol, cancer prevention and therapy
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Agents: Biochemical Targets & Drug Screening

006 Ohio State Phase | U01 Program

Michael Grever, John Byrd, Thomas Lin, Guido Marcucci, William Blum, James Thomas, Miguel
Villalona, Mitch Phelps

Ohio State University

The Ohio State University (OSU) is a comprehensive biomedical research campus with dedication to
translational research in cancer therapeutics. The Phase I NCI/UOI grant is strongly supported by the OSU
Comprehensive Cancer Center and James Cancer Hospital. Basic and translational scientists from the respective
Colleges of Pharmacy and Medicine who provide expertise in analytical, clinical, and molecular pharmacology
supporting a multi-disciplinary team of phase I oncologists. This program has set itself apart by truly translating
pre-clinical observations to phase I studies in hematologic malignancies, with subsequent follow through to
phase II/III studies, while maintaining a robust solid tumor portfolio of novel single and combination agents.
Areas of recent emphasis include CDK/signal transduction inhibitors, RNA-based therapies, epigenetic targeted
therapies, and biologic (antibody/cytokine) based agents.

Recent drug development efforts emphasizing translational science include flavopiridol (Alvocidib), a cyclin
dependent kinase inhibitor. Earlier phase I studies with this drug were disappointing, leading to its development
being discontinued by the pharmaceutical sponsor. Investigators at OSU identified that differential protein
binding between human and bovine serum had led to under-estimation of exposure required for effective killing
of tumor cells. A phase I pharmacokinetic-directed study was designed at OSU to test the hypothesis that a
plasma concentration of flavopiridol (1.5uM) level was required for 4-6 hours to achieve response. In fact, this
schedule identified that flavopiridol was indeed highly active in CLL with a dose limiting toxicity of hyper-
acute tumor lysis. Modification of the schedule of administration to improve safety was pursued, and we
demonstrated that flavopiridol was highly effective in drug resistant, genetically high risk CLL. Additionally,
we confirmed that response to flavopiridol correlated directly with pharmacologic endpoints. These promising
results were confirmed in a separate phase Il study, and this agent is now undergoing a registration trial by the
sponsoring pharmaceutical company. This highly successful translational project identified that flavopiridol
administered on the appropriate schedule is one of the most promising novel therapeutic agents in advanced
CLL; our work has also energized enthusiasm for clinical exploration of this entire new class of cyclin
dependent kinase inhibitors.

G3139 (Oblimersen Sodium) is a RNA-based anti-sense molecule targeting the 5’region of bel-2. Investigators
at OSU performed the first phase I study of G3139 and cytotoxic chemotherapy in acute myeloid leukemia
(AML) and validated target modulation in a subset of patients at higher doses. A highly sensitive assay to
quantify intracellular G3139 coupled with mRNA and protein determinations in leukemic cells confirmed that
down-modulation of the target occurred proportionately to intracellular localization of the anti-sense. A
subsequent phase Il study of standard chemotherapy +/- G3139 failed to demonstrate therapeutic benefit for
AML therapy, but the translational process from phase I through III was carefully executed to evaluate this
molecular strategic approach in an effort to improve therapy for this fatal disease. Our current focus of study in
AML is epigenetic targeting. We established a novel schedule of decitabine in AML based on a dose optimized
for re-expression epigenetically silenced genes. Cooperation with the OSU UO1 & NO1 enabled a successful
follow-up phase II study in elderly untreated AML.

Keywords: Phase |, UO1, Flavopiridol
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007 HotSpot™, a Novel Low Cost P33-based Kinase Assay for Kinomic Drug
Discovery

Kurumi Y. Horiuchi, Sean Deacon, Yuan Wang,, Shuguang Liang, Haiching Ma

Reaction Biology Corporation

Protein kinases represent one of the most promising groups of drug targets due to their involvement in such
pathological conditions as cancer, inflammatory diseases, neural disorders and metabolism problems. The
plethora of different assay formats available today poses a great challenge to scientists who want to select a
technology that will be cost efficient, convenient to use, and have low false positive and false negative rates.
Unlike any other format kinase assay, the radioisotope based kinase assay has been considered as the “gold
standard” for kinase assay. However, the cost and hazard associated with radioisotope usage have limited its
development and commercialization. By developing new proprietary techniques and combining our expertise in
nanoliter handling, we have developed a low cost 33P based kinase assay format, HotSpotTM, for routine HTS,
gHTS and IC50 profiling service. Currently, more than 230 kinases have been developed and tested in this
format. The Z factor for all kinases ranged from 0.7 to 0.9, ATP concentration can be performed from 1 uM to
500 uM. The new platform has made the kinomic approach an affordable reality for discovering inhibitors for a
wide range of targets.

Keywords: kinase, cancer, profiling
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008 A Multifaceted Program for the Development of Discodermolide: A
Microtubule-Stabilizing Agent With Unique Additional Properties

Susan Band Horwitz, Hayley McDaid
Departments of Molecular Pharmacology and Medicine (Oncology), Albert Einstein College of Medicine

Discodermolide is a natural product that has the potential to be an important antitumor drug, particularly in
Taxol resistant tumors. Although today there is an immense interest in ‘targeted therapies’ i.e. small molecules
and antibodies that target aberrant signaling pathways in cancer cells, there is still a need for the development of
new cytotoxic drugs that can be used independently and in combination with other cytotoxic agents and targeted
therapies. Both Taxol and discodermolide are known to stabilize microtubules, which has profound effects on
the replication of cells. The chemical structures of the two drugs are totally distinct, and although
discodermolide has a mechanism of action with major similarities to that of Taxol, it also has distinct and
intriguing differences. For example, 1) Taxol-resistant cells with mutations in 3-Tubulin remain sensitive to
discodermolide, 2) discodermolide cannot sustain the growth of Taxol-dependent cells, 3) discodermolide is a
potent inducer of accelerated senescence, and 4) Taxol and discodermolide have a synergistic drug interaction.
Our hypothesis is that discodermolide has a multi-modal, microtubule-dependent and —independent mechanism
of action that may account for its unique properties relative to Taxol, and also may rationalize its potent synergy
with Taxol. Our goal is to understand, at a molecular level, the mechanisms of action and of resistance to
discodermolide in order to rationally develop the drug.

In a collaboration with Dr. Amos Smith, III, a structure-activity relationship (SAR) analysis of novel analogs of
discodermolide is being undertaken in order to select active analogs that do not induce pulmonary toxicity,
which has been reported in a single clinical study that was done with the drug. We believe that the decision to
halt the clinical development of discodermolide was premature, with little attempt to understand the basis of its
toxicities, or efforts to revert them. Our goal is to identify lead compounds for future pre-clinical and early
clinical development.

Keywords: Taxol, discodermolide, microtubules.
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009 Simultaneous Targeting of mTORC1 and the IGF-1 Receptor for
Treatment of Childhood Sarcomas

Peter Houghton

St. Jude Children's Research Hospital

Insulin-like growth factors (IGFs) are implicated in the genesis and maintenance of childhood sarcomas such as
Ewing sarcoma, rhabdomyosarcoma and osteosarcoma. These tumors are characterized by expression of the
Type 1 IGF receptor (IGF-1R) and production of ligand, either IGF-1 or IGF-2. IGF’s also protect against many
forms of cellular stress, and prevent apoptosis induced by inhibition of mMTORC1 signaling by rapamycin (1,2).
Rapamycin treatment of sarcoma cells induces activation of the AKT survival pathway, in part by stabilizing
IRS-1, and in part by stimulating secretion of IGF-1 in Ewing sarcoma cells. Consequently, we have examined
the effect of combining an antibody that blocks ligand binding to IGF-1R (CP751871) with rapamycin. In vitro
the combination of rapamycin with CP751871 significantly increased apoptosis compared to either single agent
alone. Further, CP751871 and rapamycin had additive effects in suppressing VEGF secretion. To investigate the
therapeutic potential, mice bearing advanced subcutaneous implants of childhood Ewing sarcoma (n=6),
osteosarcoma (n=4) or rhabdomyosarcoma (n=2) were treated with CP751871 twice weekly for 4 weeks,
rapamycin daily for 5 days for up to 12 consecutive weeks, or the combination. Whereas either single agent had
limited antitumor activity in most models the combination was synergistic or supra-additive in 6 of 12 models.
Rapamycin combined with CP751871 induced complete tumor regression in 1 Ewing, 1 rhabdomyosarcoma and
3 osteosarcoma models. Pharmacodynamic studies (day 1 and 7 of treatment) showed the similar inhibition of
IGF-1R-mTORCI signaling in responding versus progressing tumors thus did not track with tumor response.
However, tumor-derived VEGF, determined by species-specific ELISA, indicated very significant suppression
by the combination treatment in some of the responding tumors. These preclinical results suggest that combining
agents that target IGF-1R and mTORCI signaling may have significant antitumor activity against childhood
sarcomas.

References: Thimmaiah KN et al., Cancer Res. 63:364, 2003; Huang S et al., Molecular Cell 11:1491, 2003.

Keywords: sarcomas, insulin-like growth factors, rapamycins

FOR INTERNAL USE ONLY 9



Agents: Biochemical Targets & Drug Screening

01 0 Akt, IKK and Erk, Three Oncogenic Kinases and Cancers

Mien-Chie Hung

Department of Molecular and Cellular Oncology, The University of Texas M. D. Anderson Cancer Center

FOXO03a is a transcriptional factor that was known to be involved in aging process. Akt was previously shown
to inactivate FOXO3a. Later, we also demonstrated that IKK (Cell 117:225-237, 2004), another oncokinase,
induces tumorigenesis by inhibiting the Forkhead transcriptional factor, FOXO3a. It is known that Akt and IKK
oncogenic kinases regulate nuclear exportation of FOXO3a, a forkhead transcriptional factor, by
phosphorylation at different sites. More recently, we further demonstrated that Erk also interacts with FOX03a
and phosphorylates it in distinct sites recognized by Erk (Nature Cell Biology 10:138-148, 2008). Erk-mediated
FOXO0O3a phosphorylation increases FOXO3a cytoplasmic distribution and susceptibility to interaction and
degradation by MDM2 that serves as a bona fide E3 ligase that mediates FOXO3a degradation. Thus, the three
oncokinases, Akt, IKK and Erk that are frequently activated in human cancers, target at the common tumor
suppressor., FOXO3a.

The tuberous sclerosis 1 (TSC1)/TSC2 tumor suppressor complex serves as a repressor of the mTOR pathway,
and disruption of TSC1/TSC2 complex function may contribute to tumorigenesis. It is also reported that both
Akt and Erk could target at TSC2 to induce tumorigenesis. In our most recent study (Cell 130:440, 2007), it
demonstrated that IKKf, a major downstream kinase in the TNFa signaling pathway, physically interacts with
and phosphorylates TSC1, resulting in suppression of TSC1. The IKKf-mediated TSC1 suppression activates
the TOR pathway, enhances angiogenesis, and results in tumor development. We further found that expression
of activated IKKf is associated with TSC1 Ser511 phosphorylation and VEGF production in multiple tumor
types and correlates with poor clinical outcome of breast cancer patients. In summary, IKK could play an
important role for inflammation induced cancer development by phosphorylating TSC1. The phosphorylation of
TSC1 will activate the mTOR pathway, which is known to be involved in cancer development, thus the newly
identified mechanism potentially links cancer, diabetes and obesity. Taken together, there are at least two
common targets, FOX03a and TSC complex associated with tumor suppression function, of three oncogenic
kinases-Akt, IKK and Erk. The series of studies has led to novel discoveries of previously unknown signaling
pathways/networks that play critical roles in cancer progression, which may serve as therapeutic targets for
cancer intervention.

Keywords: TSC complex, FOXO3a, oncogenic kinases
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01 1 Discovery of Anticancer Agents of Diverse Natural Origin

Douglas Kinghorn

College of Pharmacy, The Ohio State University

The secondary metabolite constituents of tropical plants, aquatic cyanobacteria, and filamentous fungi are being
investigated as part of a multi-disciplinary collaborative project directed towards the discovery of novel
anticancer agents. Initial extracts prepared from these samples are evaluated in a variety of mechanistic and cell-
based assays germane to cancer. Other aspects of this program project involve compound isolation, structure
elucidation, dereplication, and in vivo biological testing using tumor growth inhibition bioassays, as well as
biostatistics and active lead prioritization for potential further development. Examples of isolated compounds of
recent interest will be presented. This collaboration involves The Ohio State University (Columbus, OH), the
University of Illinois at Chicago (Chicago, IL), Research Triangle Institute (Research Triangle Park, NC), and
the Pharmaceutical Research Institute, Bristol-Myers Squibb (Princeton, NJ). (Funding of NCI/NIH grant P01
CA125066-01A1 is gratefully acknowledged).
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01 2 Cellular and in Vivo Activity of a New PI3K Inhibitor-PX866 for Treatment
of Human Glioblastoma

Dimpy Koul," Ruijun Shen,’ Jennifer Edge,’ Yasuko Kondo," Douglas Webb, ' Jim Bankson, ' Sabrina
M. Ronen, ' D Lynn Kirkpatrick,? Garth Powis," WK Alfred Yung'

'The University of Texas MD Anderson Cancer Center
% ProlX Pharmaceuticals

The phosphatidylinositol-3-kinase (PI-3-kinase)/PTEN/Akt pathway is a prerequisite for a wide spectrum of
cancers, either via the acquisition of activating mutations in the PI3K catalytic subunit itself, or via loss of
PTEN. In this respect class 1 PI3Ks represents well-validated molecules for targeted drug discovery. We
demonstrate, herein, that a newly developed PI3K inhibitor PX866, a wortmannin analog with selectivity for
p110 a, p and y (ProlX Pharmaceuticals), effectively inhibits signaling through the PI3K/Akt cascade in a set of
glioma cells inhibiting various PI3K signaling components such as Akt, p70S6K1, TSC-2, and pS6. PX866
produces growth inhibitory activities in glioma cell lines with IC50 ranging from 4-8uM. PX866 did not induce
apoptotic cell death where as it did induce autophagy- type-2 programmed cell death in U87 glioma cells in a
dose dependent manner. In vivo experiment with U87 SC xenograft demonstrated an 84% growth inhibition
after 4 weeks treatment at an oral dose of 2.5mg/kg in a qod schedule. PX-866 increased the median survival of
animals with i.c.U87 tumors from 31 to 38 days with inhibition of p-AKT and p-S6 as shown by IHC and
reverse phase lysate array. To develop a non-invasive method to assess biological activity of PX866, magnetic
resonance spectroscopy (MRS) was performed to determine molecular response to PX-866 in the U87 model
and tumor volume was assessed by T2 MRI sequence. Tumor volumes dropped on average from 20+11 mm” in
control animals (n=10) to 5+4 mm’ in PX-866 treated animals (n=10, p<0.002). To assess the potential of MRS-
detectable metabolic changes as noninvasive biomarkers of response to PX-866, we performed localized MRS
in control and treated animals. Spectra obtained from normal contra-lateral brain differed from spectra of
untreated tumors in choline to NAA (Cho/NAA) ratio. Cho/NAA ratio was 0.8+0.1 in contra-lateral brain and
increased to 1.7£0.4 (n=10; p<0.002) in the untreated gliomas. PX-886 treatment did not affect the spectra
recorded from normal brain. In contrast, spectra from the tumor region indicated that Cho/NAA in PX-866-
treated tumors was significantly lower by 30% compared to untreated tumors at 1.2+0.5 (n=10; p<0.02). Our
findings demonstrate that PX-866-treatment results in MRS-detectable metabolic changes indicating a partial
normalization of the metabolic profile of treated tumors. Taken together, these data demonstrate that PI3K
inhibitor PX866 has significant activity in signal inhibition, cell cycle arrest, growth inhibition and autophagy in
human glioblastoma in vitro and in vivo. In addition MRS can be used to non-invasively monitor the molecular
effect of PX-866 in gliomas in vivo which further confirm the value of MRS in monitoring early molecular
response to this PI3K inhibitor in patients in vivo affirming that PI3K/Akt pathway is a highly specific
molecular target for molecular therapeutics development for glioblastoma and other cancers with aberrant
PTEN/PI3K expression.

Keywords: PI3K inhibitor, glioblastoma, imaging
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01 3 Plant-Derived Natural Product Analogs as Anticancer Clinical Trials
Agents

Kuo-Hsiung Lee

Natural Products Research Laboratories, UNC Eshelman School of Pharmacy, University of North Carolina

New therapeutic agents with diverse structures and mechanism of action have and will continuously be
discovered from plant-derived natural products. Correspondingly, Dr. Lee’s Natural Products Research
Laboratories (NPRL) have discovered more than 2,000 novel cytotoxic antitumor natural products and synthetic
analogs during over three decades of support from NIH Grant No. CA-17625 entitled “Plant Antitumor Agents”.
These discoveries are being used as new leads to develop future anticancer agents. The NPRL is also currently
engaged in a NIH Roadmap Initiative Program for identifying active hits, which can serve as templates for new
drug design, as well as avenues for better understanding of biological processes. Research in the NPRL
previously led to the discovery of GL-331, a synthetic etoposide analog, which was in Phase II clinical trials as
an anticancer drug. More recently, JC-9, a novel curcumin analog developed in the NPRL, was found to be a
potent anti-androgenic agent. Planning is in progress to pursue clinical trials with JC-9 for prostate cancer in the
near future, and it currently has succeeded in a Phase II clinical trial for treating acne. In addition, synthetic
analogs of tylophorine and neotanshinlactone have shown efficacy in both cell and animal models and continue
to be promising in preclinical studies as new drugs for treating lung and breast cancers, respectively. (Aided by
CA17625 awarded to K. H. Lee.)

Keywords: natural products, plant antitumor agents, anticancer clinical trials agents
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01 4 Development of ML-970 as a Potential Anticancer Drug

Moses Lee
Division of Natural & Applied Sciences and Department of Chemistry, Hope College

ML-970, NSC D76197, was designed as a novel analog of the highly cytotoxic DNA minor groove alkylating
agents CC-1065 and the duocarmycins, as well as the clinically tested analogs adozelesin, carzelesin, bizelesin,
and KW-2189. The latter compounds are highly potent cytotoxic agents and they demonstrated activity in the
clinical studies. However, the use of these compounds is severely limited by their toxicity to the bone marrow.
Another potential challenge in developing this class of compounds is the presence of a stereocenter in the
molecules, which has been demonstrated to affect the DNA reactivity and cytotoxic potency. These limitations
provided a rationale for the design, synthesis, and testing of new analogs with two specific goals: (1) Develop
analogs that retain strong cytotoxic potency but with significantly reduced myelotoxicity, and (2) to eliminate
the stereocenter, which should simplify the chemistry with respect to drug discovery and ultimately improve
drug synthesis.

Through an active collaboration with the NCI Developmental Therapeutics Program and working through the
Drug Synthesis & Chemistry Branch, more than 30 compounds from my laboratory were screened and ML-970
was discovered to have potent cytotoxicity in screening against a panel of 60 cell lines and also received positive
results from the Hollow Fiber assay. Through further collaborative research with the Department of Oncology at
University College London Medical School and with the Taiho Pharmaceutical Company of Japan, the DNA
AT-sequence specific alkylation, DNA repair, and mechanism of action were examined. Concurrently, while in-
vivo anticancer studies were conducted against mouse models (L1210 leukemia and B16 melanoma) in our
laboratories, Taiho and the NCI performed in-vivo studies on human cancers grown as xenografts in skid mice.
Significant activity against human cancer xenografts: lung, ovarian, breast, and CNS were observed when the
compounds was administered via i.v., i.p. or p.o. Subsequent bone marrow toxicity studies showed that ML-970
was less toxic to both human and murine stem cells.

ML-970 represents a promising novel anticancer agent and this is a unique opportunity to take an agent with this
mechanism into the clinic. Current studies are aimed at examining the pharmacokinetics properties of ML-970
when administered via the three different routes. In addition, through collaborations with the NCI and Spirogen,
Ltd (UK), further in-vivo work, mechanism of action studies plus schedule, route and dosing studies are ongoing
in an effort to improve on the activity seen in the initial xenografts. Results from these experiments will be
presented and discussed in the presentation.

Keywords: minor groove, DNA alkylation, orally active
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01 5 Development of an in Vivo Model to Study the Role of TrkB in Tumor
Biology and to Develop Novel Therapies Targeting Activated TrkB

Zhijie Li, Amy McKee, Zhihui Liu, Carol J. Thiele

Cell and Molecular Biology Section, Pediatric Oncology Branch, Center for Cancer Research, National Cancer
Institute

Background: BDNF and TrkB are expressed in unfavorable, metastatic and highly angiogenic chemo-resistant
NB tumors. Activation of TrkB-tyrosine kinase by BDNF protects NB cells from toxic effects of chemotherapy
via PI3K/Akt pathway and stimulates metastasis and VEGF production in vitro. The aim of this study has been
to develop a mouse model to 1) assess the effects of TrkB on NB tumor biology and 2) evaluate the efficacy of
combining small molecule inhibitors of the TrkB/PI-3 kinase/Akt pathway with cytotoxic drugs in order to
develop more effective less toxic therapy for poor prognosis NB patients.

Methods: Using tetracycline (Tet)-regulated TrkB-expressing NB cell lines, cells are treated with cytotoxic
drugs in the presence or absence of BDNF. Prior to BDNF administration, cells are pretreated with inhibitors of
the TrkB/PI-3kinase/Akt pathway followed by ETOP. Real-Time Cell Electronic Sensing system (RT-CES
system) and MTS assays are used to detect the kinetics and extent of cell survival. To develop a mouse model,
NB cells are injected at subcutaneous or orthotopic (periadrenal) sites in mice. Mice received water with or
without Tet. When subcutaneous tumors reached 250-300mm?®, mice are randomized to receive
etoposide(ETOP) alone or in combination with perifosine.

Results: In vitro, TrkB expression in cells cultured without Tet was 3.7 times higher than the TrkB expression
in cells cultured with Tet. BDNF activation of TrkB caused up to a 50% reduction in the cytotoxic effects of
chemotherapeutic drugs, such as ETOP, cisplatin and vinblastine. Pretreatment of NB cells with perifosine, Akt
inhibitor, before BDNF administration blocked the BDNF-induced phosphorylation of Akt. Perifosine sensitized
NB cells to ETOP, and partially blocked the BDNF protection of NB cells from ETOP-induced cell death. In
vivo, TrkB expression in tumors from either subcutaneous or orthotopic sites in mice without Tet in water was
increased 3-fold compared to TrkB levels in tumors from mice with Tet in water. Mice with subcutaneous
tumors were treated with ETOP (10mg/kg or 20mg/kg). There was a 40% reduction in tumor size in low TrkB
expressing tumors with 10mg/kg ETOP, while the tumors expressing high levels of TrkB required 20mg/kg
ETOP to cause a comparable reduction. Yet if mice with high TrkB-tumors received daily doses of perifosine
(24mg/kg), the tumor size was reduced by 40% with 10mg/ml ETOP. At this concentration, Perifosine alone had
no effect on tumor size. These studies reveal in vivo, TrkB expressing NB cells are more resistant to cytotoxic
therapy.

Conclusions: The biology of the NB tumors expressing high levels of TrkB in the in vivo mouse model supports
findings in our in vitro models. The finding that high TrkB expressing tumors are more resistant to
chemotherapy than low TrkB tumors raises the possibility that TrkB can be used as a biological marker of drug
resistance. Our TrkB animal model will enable inhibitors of the TrkB/PI-3 kinase/Akt pathway to be screened to
identify those that most effectively synergize with standard cytotoxics.

Keywords: TrkB, AKT, drug resistance, perifosine
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01 6 Molecular Targeting Approach for Development of Antiviral Therapy of
HIV Infection

Kenji Maeda, Debananda Das, Hirotomo Nakata, Hiroaki Mitsuya

Experimental Retrovirology Section, HIV and AIDS Malignancy Branch, Center for Cancer Research, National
Cancer Institute

The development of antiretroviral therapy for AIDS has traced one of the most dramatic progressions in the
history of medicine, showing the combinations of rapid drug development, short-lived trends, and continuous
evolution. Upon the discovery of the first human pathogenic retrovirus HTLV-1, virtually no attempt was made
to explore antiretroviral therapy, since it was believed that once target cells were infected by cellular-genome-
integrating retrovirus and antiretroviral drugs would do nothing to the progress of the retrovirus-associated
diseases. The first three dideoxynucleoside reverse transcriptase inhibitors (zidovudine or AZT, didanosine, and
zalcitabine), developed at the National Cancer Institute, made changes. After these first drugs proved to be
efficacious in patients with HIV infection, a number of antiviral agents were added to our armamentarium in the
fight against HIV infection. The development of the second class of anti-HIV-1 agents, protease inhibitors,
eventually produced sensational results in comparison to the clinical data that had been previously reported.
Combination chemotherapy using such protease inhibitors with reverse transcriptase inhibitors has had a major
impact on the morbidity and mortality of patients with HIV infection. However, we have faced multiple major
problems, which represent the challenges different than we faced in the development of the first drugs. They
include (i) drug-related toxicities, (ii) emergence of drug-resistant HI'V variants, (iii) only partial restoration of
immunologic functions, (iv) paradoxical flame-up of inflammation, and (v) increased cost of antiviral therapy.
Nevertheless, extensive knowledge of the molecular, biochemical, and structural interactions of antiretroviral
agents and their targeting viral components has been acquired. We are obviously at a new forefront in the
therapy of HIV infection.

One new area in the development of antiretroviral agents is predictive modeling, which maximizes our chances
of success. I will discuss an approach of combining site-directed mutagenesis-based data and molecular
modeling, which represent a novel strategy for gaining structural insights for drug design of novel compounds.
One of recently FDA-approved HIV therapeutic is darunavir, also developed at the NCI, was designed based on
such structural approach. We most recently discovered that darunavir and a group of newly designed and
synthesized agents block the dimerization process of HIV protease, an essential step in the replication cycle of
HIV. Further improved approaches to explore new treatment modalities should be continued in the hope that
with new and more potent antiviral agents, we will certainly be able to control HIV diseases more efficiently
and effectively.

Keywords: AIDS, HIV, antiviral therapy
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01 7 Apoptosis-Based Cancer Drug Discovery

Maurizio Pellecchia

Burnham Institute for Medical Research

Defects in programmed cell death (apoptosis) play important roles in many aspects of tumor pathogenesis and
progression, including chemoresistance and radioresistance, where apoptosis-resistance mechanisms impede
successful eradication of cancers. The central theme of our drug discovery project (NCI-Drug Discovery Group,
grant U19 CA113318) is to use knowledge of apoptosis targets and mechanisms for generating small-molecule
drugs for the improved treatment of cancer. To achieve these goals, the project brings together the talents of
accomplished molecular and cellular biologists, protein biochemists, structural biologists, and chemists into a
collaborative effort involving three institutions located in close proximity (Burnham Institute for Medical
Research, University of California at San Diego, and Torrey Pines Institute for Molecular Studies). By using a
multidisciplinary approach that integrates medicinal chemistry, natural products, and combinatorial chemistry
with modern drug discovery technologies encompassing advanced assay platforms and hit-to-lead optimizations,
guided by structure- and NMR- based approaches, the research group has developed effective compounds that
are currently at late-stage preclinical evaluations as anti-cancer agents.

Keywords: apoptosis, cancer, drug discovery
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01 8 Development of Anticancer 1,2-Bis(sulfonyl)hydrazines

Philip G. Penketh, Krishnamurthy Shyam, Raymond P. Baumann, Kimiko Ishiguro, Helen A. Seow,
Alan C. Sartorelli

Department of Pharmacology and Developmental Therapeutics Program, Cancer Center, Yale University School of
Medicine

We have designed and synthesized a new class of antineoplastic 1,2-bis(methylsulfonyl)-1-alkylhydrazine
prodrugs (SHP) that are rapidly acting alkylating agents with T, activation values ranging from 10 s to 2.8 min
depending upon structure. These agents owe their cytotoxicity primarily to the alkylation of the O6-position of
guanine in DNA; the alkyl group donated is typically a methyl or a chloroethyl group. After O-6
chloroethylation of guanine, an intramolecular nucleophilic substitution reaction occurs generating N, O’-
ethanoguanine; this intermediate slowly reacts with the N-3 position of an opposing cytosine to form a 1-(N°-
deoxycytidinyl)-2-(N'-deoxyguanosinyl)ethane (G-C) cross-link, which is extremely cytotoxic (< 10 lesions per
cell can produce lethality). Replacement of the hydrogen in the N-2 position of the SHPs with masking groups
prevents the reactions that leads to alkylation; the active alkylating species can be liberated by hydrolysis,
thiolysis, glutathione S-transferases, enzymatic cleavage, or hypoxia selective reduction of a trigger/linker
attached to the N-2 position. The moiety used for latentiation may be a secondary active species or be used to
tune pharmacokinetics or both. O’-Alkylguanine-DNA alkyltransferase (AGT) is the major repair mechanism
for lesions of this type. AGT readily repairs O°~-methylguanine, O°-(2-chloroethyl)guanine and N’,0°-
ethanoguanine, but cannot repair the G-C cross-link. AGT activity can be present in tumors, resulting in
resistance to SHPs, and in normal tissues, protecting them from the cytotoxicity of SHPs. Potent AGT inhibitors
are known which greatly sensitize AGT expressing cells to SHPs. Cloretazine (1, 2-bis(methylsulfonyl)-1-(2-
chloroethyl)-2-[(methylamino)carbonylhydrazine), the initial SHP to enter clinical trial, has a Ty, of = 1h at
physiological pH and liberates two short-lived reactive species, 1,2-bis(methylsulfonyl)-1-(2-
chloroethyl)hydrazine, (T, = 30 s, pH 7.4, 37°C), and methyl isocyanate, (T;,~ 1.7 min, pH 7.4, 37°C).
Cloretazine has shown broad anticancer activity in preclinical screens and significant activity in elderly acute
myelogenous leukemia patients in Phase I and Phase Il clinical trials.

A second SHP, 1, 2-bis(methylsulfonyl)-1-(2-chloroethyl)-2-[[1-(4-nitrophenyl)ethoxy]carbonyl]hydrazine,
designated KS119, with selective activation by hypoxic cells of solid tumors, is in preclinical development. This
agent exploits the reductive potential of the hypoxic tumor cells to preferentially target hypoxic cells.

Keywords: targeted-alkylating agents, Cloretazine, KS119
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01 9 Treating Advanced Cancer by Disrupting the Tumor Ecosystem

Pienta, K.J., Baker, L.
University of Michigan Prostate SPORE and the SouthWest Oncology Group

Tumors can be defined as ecosystems in which the various host and cancer cells (species) interact with their
environment. A key component of the tumor ecosystem is tumor associated macrophages (TAMs), which can be
considered an invasive species within the tumor ecosystem that support the growth of the cancer cells. TAMs
offer an attractive target for cancer therapeutics. We have identified monocyte chemoattractant protein — 1
(MCP-1, CCL2) as a novel and potent regulator of prostate cancer tumorigenesis because it is the key mediator
of the attraction of TAMs to the tumor sites.

CCL2 is a member of the CC chemokine family and was originally described for its sentinel role in regulating
monocyte / macrophage migration to sites of inflammation and wound repair. CCL2 has been shown to be an
active mediator of tumorigenesis and metastasis of several cancers, including roles in regulating the migration
and proliferation of breast, cervical, pancreatic, multiple myeloma, and prostate cancer cells. We have
demonstrated:

m  Utilizing tissue procured through the Prostate SPORE Rapid Autopsy Program at the University of
Michigan, we determined that CCL2 was significantly overexpressed in bone metastases as compared to
normal tissues as well as metastases from other sites.

B Analysis of CCL2 secretion by several constituents of the bone-tumor microenvironment by ELISA
revealed that the bone marrow endothelial cells secrete significantly higher basal levels of CCL2 compared
to PCa cells, osteoblasts, and adipocytes.

B Analysis of human tumors from metastases as well as from in vivo preclinical models reveals a high
percentage of infiltrating macrophages.

m CCL2 stimulates the maturation of osteoclasts in the bone tumor microenvironment.

m Inhibition of CCL2 in vivo leads to significant inhibition of tumor growth in multiple preclinical models of
prostate cancer and other cancers.

CCL2, therefore, mediates tumor growth through effects on cancer cell proliferation and migration, osteoclast
maturation, and macrophage recruitment and education. Strategies that inhibit CCL2 are in active development
and have entered into clinical trial. Proof of principle trials are planned through the SPORE mechanism.
Because this type of therapy is targeted against various aspects of the microenvironment, trials across disease
sites are planned through SWOG.

Keywords: therapy, prostate, monocyte
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020 The Indenoisoquinolines Non-Camptothecin Topoisomerase | Inhibitors:
Update and Perspectives

Yves Pommier, Mark Cushman

Laboratory of Molecular Pharmacology, Center for Cancer Research, National Cancer Institute and Department of
Medicinal Chemistry, Purdue University

Because camptothecins are effective against previously resistant tumors and are the only class of topoisomerase
I (Top1) inhibitors approved for cancer treatment, we developed the indenoisoquinolines. Like camptothecins,
the indenoisoquinolines selectively trap Top1-DNA cleavage complexes and have been co-crystallized with the
Top1-DNA cleavage complexes. Indenoisoquinolines show antitumor activity in animal models. They have
several advantages over the camptothecins: (1) They are synthetic and chemically stable (unlike camptothecins);
(2) The Topl cleavage sites trapped by the indenoisoquinolines have different genomic locations than
camptothecins, implying differential targeting of cancer cell genomes; (3) The Topl cleavage complexes
trapped by indenoisoquinolines are more stable than for camptothecins, indicative of prolonged drug action; and
(4) They are less or not substrates for the multidrug resistance efflux pumps (ABCG2 and MDR-1). Among the
more than 400 indenoisoquinolines synthesized and evaluated, three have been retained as leads for clinical
development by the NCI: NSC 706744, NSC 725776 (Indimitecan) and NSC 724998 (Indotecan). The trapping
of Top1 cleavage complexes by indenoisoquinolines in cells results in the rapid and sustained phosphorylation
of histone H2AX (referred to as y-H2AX). We will also discuss the use of YH2AX as a pharmacodynamic
biomarker for the clinical development of the indenoisoquinolines.

Keywords: topoisomerase, DNA, cancer treatment
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021 Receptors and Transformation

Michael G. Rosenfeld', Dafne Maria Cardamone’, Qidong Hu', Young Soo Kwon?, Chunru Lin’,
Esperanza Nunez', Liuging Yang', Xiang-Dong Fu?

1Howard Hughes Medical Institute; 2 Department of Cellular and Molecular Medicine,; University of California, San
Diego School of Medicine

While the role of liganded nuclear receptors in mediating coactivator/corepressor exchange is well established,
nuclear motor-dependent regulation of chromosomal organization in the three-dimensional space of the nucleus
to diverse signaling events is emerging as a major parallel strategy to achieve integrated transcriptional
responses. Chromosomal translocations and their corresponding gene fusions play important roles in many
diseases of development and in initial steps in cancers, which is particularly well established for leukemias, but
now identified is a more general event in solid tumors. The molecular basis for these tumor translocation events
is quite incompletely understood, although a prevailing model, instituted by events in yeast, is that random
translocations are selected by conferring growth advantage. We can suggest a model for the molecular logic
underlying tumor translocation events, linking these translocations to evolutionarily-conserved strategies, with
the liganded nuclear receptor (AR) serving as a driver of non-random and tissue-specific chromosomal by
inducing both the juxtaposition of the recombination sites, based on local chromatin modification, leading to a
synergistic enhancement of DSB at those sites in response to genomic insults.

Keywords: nuclear receptors, chromosomal translocations, androgen receptors
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022 Targeting Geranylgeranyltransferase | for Anti-Cancer Drug Therapy in
Tumors with Hyper-Activated Ras / Ral GDS / Ral A/B and/or With Low
p27Kip

Said M. Sebti

Drug Discovery Program, H. Lee Moffitt Cancer Center

The ability of many GTPases to contribute to malignant transformation requires their posttranslational
modification with farnesyl or geranylgeranyl lipids. This prompted us and others to develop farnesyltransferase
and geranylgeranyltransferase I inhibitors (FTIs and GGTIs) as novel anti-cancer drugs. Several FTIs have been
developed and some reached clinical trial evaluations. However, GGTIs have not been evaluated in humans. In
this poster we will present pre-clinical data supporting the use of our clinical candidate, GTI-2418, in patients
whose tumors contain hyper-activated Ras / Ral GDS / Ral A/B pathways and/or low levels of the cyclin-
dependent kinase inhibitor p27Kip. This work is supported by the NCI NCDDG grant U19 CA67771 and
resulted from collaborations among its 3 programs from Moffitt (Sebti, Lawrence, Guida), Yale (Hamilton),
UNC (Cox, Der, Sondek).

Keywords: Geranylgeranyltransferase, GTPases, Ral A/B, p27Kip
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023 Targeting Signal Transduction Pathways for Cancer Drug Discovery

Said M. Sebti

Drug Discovery Program, H. Lee Moffitt Cancer Center

In human cancers many components of signal transduction pathways are hyper-activated including the
phosphatase SHP2 and the GTPase Ras which activate the serine/threonine kinase Raf which in turn binds,
phosphorylates and inactivates the tumor suppressor pRb. Other components of signal transduction that are
aberrant are those that allow tumors to evade apoptosis and include inactivation of the tumor suppressor p53 by
binding the oncoproteins mdm2 and mdmzx, overexpression of the anti-apoptotic Bcl proteins, and sustained
degradation of the proapoptotic proteins Bax and IKB by the proteasome. These aberrant signal transduction
pathways are intimately involved in oncogenesis and have been associated with poor prognosis, resistance to
chemotherapy and shortened patient survival time. The central hypothesis upon which our PO1 program project
is based is that disruption of mdm2/p53, mdmx/p53, Raf/Rb and Bcl/Bax associations and inhibition of SHP2
and proteasome activities will induce apoptosis and inhibit malignant transformation and tumor growth in
human cancer cells. In this poster progress for each of the above 5 projects will be presented. This work is
supported by NCI PO1 grant CA 118210 which includes 5 programs and 3 cores lead by Drs. Chellappan, Chen,
Guida, Lawrence, McLaughlin, Sebti, Wang, and Wu.

Keywords: SHP2, mdm2, p53, Rb, Raf, Bcl, Bax
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024 Developing Withacnistin as a Novel Anti-Cancer drug in Tumors That
Contain Persistently Activated STAT3

Said M. Sebti

Drug Discovery Program, H. Lee Moffitt Cancer Center

The signal transducer and activator of transcription 3 (STAT3) is found aberrantly activated in the majority of
human cancers. We have identified from the NCI chemical libraries the natural product withacnistin as a potent
inhibitor of STAT3 activation. Withacnistin is selective for STAT3 over other signal transduction pathways
such as those mediated by MEK, AKT, JNK or p38. Withacnistin also inhibits the activation of other STAT
family members such as STATS and STAT1. Withacnistin inhibits growth factor (EGF, PDGF) and cytokine
(IL-6, IFN-beta, GM-CSF) STAT activation. Importantly, withacnistin inhibits tumor growth and induces
apoptosis selectively in those tumors where STAT3 is persistently and aberrantly activated. Withacnistin is
undergoing advanced preclinical studies under the NCI RAID program in preparation for translating our
laboratory findings to the clinic. (RAID 135073)

Keywords: STAT3, withacnistin, apoptosis
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025 Pharmacodynamic Assessments of Cyclin-Dependent Kinase Inhibitors:
Modulation of Cdk Targets in Clinical Samples

Geoffrey I. Shapiro, Leonard J. Appleman, Delores DiVizio, Lucian R. Chirieac, Anat Stemmer-
Rachamimov, Fionnuala O’Connell, Nandita Bhattacharya, Massimo Loda

Department of Medical Oncology, Dana-Farber Cancer Institute; Department of Pathology, Brigham and Women’s
Hospital; Department of Pathology, Massachusetts General Hospital; Division of Hematology/Oncology,
Department of Medicine, University of Pittsburgh Medical Center

Cyclin-dependent kinases (cdks) play critical roles in cell cycle progression and RNA transcription. Cell cycle
cdks, including cdks 2, 4 and 6, phosphorylate substrates including the retinoblastoma protein (Rb), p27*"" and
E2F-1 to facilitate G1 and S phase progression; inhibition of these cdks leads to both cell cycle arrest and
apoptosis. Transcriptional cdks, including cdks 7 and 9, phosphorylate the C-terminal domain (CTD) of RNA
polymerase II, and control efficient transcriptional initiation and elongation, respectively. Transcriptional cdk
inhibition depletes cells of mRNAs and encoded proteins of short half-life, including cyclin D1, anti-apoptotic
proteins, and Mdm?2, the latter facilitating accumulation of p53. Several cdk inhibitors have entered clinical
trials, including flavopiridol, seliciclib, BMS-387032/SNS-032 and others, with variable potencies against the
cell cycle and transcriptional cdks. In patients with advanced solid tumors, prolonged stable disease has been
documented, although objective responses are rare. Clinical trials have not routinely incorporated
pharmacodynamic assessment of inhibition of the target kinases in patients. To determine whether these agents
are indeed inhibiting cdks in either tumor or surrogate proliferating tissue, we have conducted
pharmacodynamic studies in the context of Phase 1 trials in patients with advanced solid tumors.

Skin biopsies or tumor sampling were performed prior to and within 2 hours of completion of the first
intravenous infusion of flavopiridol or other agents. Paraffin-embedded samples were analyzed by
immunohistochemistry for effects of treatment on cdk targets including total and phospho-Rb (cdk2 and cdk4),
total and phospho- p27 (cdk2) and p53 and cyclin D1 (cdk9). Approximately 200 nuclei were routinely scored
for 0, 1+ and 2+ staining; the sum of 1+ and 2+ staining was used to determine the % positive cells.
Additionally, in an ex-vivo, plasma-based assay, pre- and post-treatment plasma was applied to stimulated
peripheral blood mononuclear cells (PBMCs) to assess effects on cellular proliferation.

In a Phase 1 trial of flavopiridol, using 1-hour infusions administered 3 weeks of every 4, 6 of 12 paired sets of
skin biopsies demonstrated reduced staining of Rb [pS249/252] post treatment (p = 0.025) and 8 demonstrated
decreased Rb staining at the [S807/811] phosphorylation site (p < 0.002). Depletion of phospho-Rb occurred
while staining for total Rb was preserved. In addition, increases in total p27"' occurred post-flavopiridol,
suggesting decreased [pT187] phosphorylation. Consistent with inhibition of cdk9, the majority of paired skin
biopsies demonstrated either stable or increased p53 levels post-treatment. Reduced staining of cyclin D1 was
also demonstrated. In two patients with accessible tumor tissue, staining demonstrated decreased phospho-
p27%"! increased total p27°"" and decreased phospho-Rb [pS807/811] post treatment. In the context of second
Phase 1 trial, in which a prolonged flavopiridol infusion was administered after gemcitabine, post-treatment
plasma obtained from patients treated at the maximum tolerated dose reduced proliferation of stimulated
PBMC:s by at least 25% compared to pre-treatment plasma in 8 of 9 paired samples (p < 0.0005). Finally, in a
trial of a more selective cdk2 inhibitor, increased p27<"*" occurred post-treatment among 7 of 7 paired skin
biopsies (p =.00133). These data demonstrate that cdk inhibitors can induce biologic effects in tumor and
surrogate proliferating tissue, and suggest these markers can be used in the phase 2 setting to correlate with
clinical outcome.

References: Shapiro GI. J Clin Oncol 24: 1770, 2006; Haddad et al. Clin Cancer Res 10:4680, 2004; Zhang et al.
Nat Med 10:643, 2004.
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026 Natural Product-Based Anticancer Drug Discovery: the National
Cooperative Drug Discovery Group at University of Wisconsin-Madison

Ben Shen

Division of Pharmaceutical Sciences and Department of Chemistry, University of Wisconsin-Madison

Natural products have an excellent track record as sources of anticancer drugs. However, a natural product-
based anticancer drug discovery and development program is often hampered by (1) the complex molecular
architecture of natural products that renders chemical total synthesis and medicinal chemistry ineffective,
limiting their accessibility for both mechanistic and clinical studies, (2) the unknown or poorly characterized
molecular targets that natural products act on, and (3) the general dose-limiting toxicity due to lack of cancer
cell-specificity.

The UW-Madison National Cooperative Drug Discovery Group (NCDDG) program builds on a carefully
selected set of natural products primarily of microbial origin, which have proven cytotoxicity or antitumor
activity, and aims to develop them into new forms (“lead analogs”) suitable for development into clinically
useful drugs. This will be accomplished by enhancing structural diversity, identifying novel targets, and
delivering the natural product drugs to specific cancer cells, through the use of combinatorial biosynthesis and
chemoenzymatic approaches. The compounds generated will be evaluated in vitro first to eliminate compounds
with low activity, using biochemical assays and cytotoxicity determinations in tumor cell lines. Those
compounds that meet our criteria for initial biological activity will be tested in vivo for antitumor activity in
autochthonous mouse models of colon (due to mutation in APC), breast (due to overexpression of Wntl),
cervical (due to expression of human papilloma virus E6 and E7 genes altering p53 and Rb) and pancreatic (due
to overexpression of c-myc) cancer to guide our anticancer drug analog discovery work.

The goal of the UW-Madison NCDDG program is to develop known cytotoxic and antitumor agents from
natural sources into compounds that can lead to improved cancer drugs, using specialized biochemical and
genetic methods that take advantage of recent advances in microbial genetics, cancer cell biology and animal
models of important, difficult-to-treat human cancers. The approach we will take to the discovery and
development of new treatments for cancer is tailored to the special advantages as well as difficulties of working
with natural product drug leads. While leads obtained through screening natural sources may uncover entirely
new structures that reveal new mechanisms by which the compounds thwart malignant cells from becoming
preeminent in the body, a more expedient and certainly more predictable approach is to start with a natural
product that has proven antitumor potential, then explore ways to develop it into a more effective drug. This is
the hallmark of UW-Madison NCDDG program.

Keywords: natural product, national cooperative drug discovery group, autochthonous mouse model
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027 Discovery of Novel Anticancer Agents From the Johns Hopkins Drug
Library

Joongsup Shim, Jing Xu, Curtis Chong, Shridhar Bhat, Tilman Schneider-Poetsch, Benjamin Nacev,
Jun O. Liu

Departments of Pharmacology and Oncology, Johns Hopkins University School of Medicine

The discoveries of novel pharmacological activity of known drugs, sometimes referred to as the “off target”
effects, have appeared in the literature from time to time. Recent years have witnessed an increase in frequency
of the appearance of such discoveries. Finding new indications for existing drugs offers a number of advantages.
First, since existing drugs are already in use in humans, they are bioavailable and have tolerable side effects.
Second, the well-established toxicity and bioavailability of known drugs in humans will significant reduce the
time and cost to evaluate drugs in the new indications in humans. Last but not least, the extensive knowledge on
the mechanisms of action of known drugs and the availability of a large number of analogs during the
development of each drug will significant facilitate the understanding of the molecular basis of the new
pharmacological activity and enable rapid structure/activity relationship study to develop new generations of the
drug in the context of the new indication. Together, the advantages of this approach call for a systematic effort
to collect and screen available FDA-approved drugs for new pharmacological activities. We began a new
initiative to systematically collect and assemble a library of clinical drugs in 2003. To date, we have to date
collected over 2,400 existing drugs and assembled them into the Johns Hopkins Drug Library. We have screened
this library in a number of cell-based assays for new anti-angiogenic and antitumor agents. Novel and
unexpected hits have been identified in each of the screens performed. Mechanistic deconvolution of those hits
has shed new light on the regulation of proliferation of endothelial and cancer cells. Moreover, some of the hits
have been shown to be efficacious in blocking angiogenesis and tumor growth in vivo, suggesting that they are
promising leads for development into novel anticancer drugs.

Keywords: drug library, screening, animal models
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028 Targeting Cell Cycle and Checkpoint Pathways in Well-differentiated
and Dedifferentiated Liposarcoma

Samuel Singer, Cristina Antonescu, Marc Ladanyi, Chris Sander, Nick Socci, Carlos Cordon-Cardo,
David D’Adamo, Robert Maki, Gary Schwartz

Memorial Sloan-Kettering Institute For Cancer Research

Liposarcoma is the most common type of soft tissue sarcoma, accounting for about 25% of all soft tissue
sarcoma in adults. Classification of liposarcoma into three biological types encompassing five subtypes:

(1) well-differentiated/dedifferentiated; (2) myxoid/round cell; and (3) pleomorphic, based on morphological
features and cytogenetic aberrations, is widely accepted, however, diagnostic discordance remains even among
expert sarcoma pathologists. The well-differentiated and dedifferentiated type most commonly occurs in the
retroperitoneum and is characterized by 12q amplification with a diagnostic doublet of CDK4 and MDM?2.
While these tumors can be treated surgically, they frequently recur and there are few effective systemic
therapies. By performing a comprehensive genomic analysis, we now have an opportunity to identify new
therapeutic targets for this deadly disease. We sought to develop a more systematic approach to liposarcoma
classification based on gene expression analysis and to identify subtype specific differentially expressed genes
that may be involved in liposarcoma genesis/progression and serve as potential therapeutic targets. A classifier
based on gene expression profiling was able to distinguish between liposarcoma subtypes, lipoma and normal fat
samples. A 142 gene predictor of tissue class was derived to automatically determine the class of an independent
validation set of lipomatous samples and demonstrates the feasibility of liposarcoma classification based entirely
on gene expression monitoring. Differentially expressed genes for each liposarcoma subtype compared to
normal fat were used to identify histology-specific candidate genes with an in-depth analysis of signaling
pathways important to liposarcoma pathogenesis and progression in the well-differentiated/dedifferentiated
subset. The activation of cell cycle and checkpoint pathways in well-differentiated/dedifferentiated liposarcoma
provides two possible novel therapeutic strategies:

1) Targeting CDK4 and the G1/S cell cycle checkpoint with flavopiridol a pan CDK inhibitor. We demonstrate
that CDK4 is consistently amplified and overexpressed in dedifferentiated liposarcoma (DDLS) compared to
normal fat. We then show that DDLS cell lines with amplified CDK4 are susceptible to flavopiridol induced
apoptosis and that DDLS xenografts are 2-fold more sensitive to flavopiridol than doxorubicin. This anti-tumor
effect was enhanced when appropriately sequenced with doxorubicin. The transfection of CDK4 into a sarcoma
cell line without amplified and over-expressed CDK4 results in a significant increase in sensitivity to the growth
suppressive and apoptotic effects of flavopiridol. Collectively this data was used to initiate a Phase I trial of
doxorubicin and flavopiridol in the treatment of metastatic sarcoma particularly targeting sarcoma subtypes with
amplified CDK4. Twenty two patients have been treated on this trial(CTEP study #6204) and the MTD of
flavopiridol is yet to be determined. We have observed 1 PR in a patient with metastatic leiomyosarcoma. We
have also observed prolonged stable disease. This included a patient with liposarcoma who received her
maximal dose of doxorubicin (600 mg/m?2) with flavopiridol and then, per protocol, continued flavopiridol alone
as a single agent every 3 weeks. This patient remained on study almost 2 years. This study continues to accrue
patients.

2) MDM2 and the G2/M cell cycle checkpoint is a promising target in DDLS with amplified MDM2. We show
that Nutlin-3a, an antagonist of MDM2, preferentially induces apoptosis and a G2/M growth arrest in DDLS cell
lines compared to normal adipocytes. DDLS cells retain critical functionality in downstream p53-dependent
apoptotic signaling pathways. These results support the development of a clinical trial with MDM?2 antagonists
for patients with recurrent well-differentiated/dedifferentiated liposarcoma and show the promise of this
transcriptional dataset to provide additional novel targets for drug discovery.

Keywords: genomic analysis, sarcoma, cell cycle targets
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029 Discovery and Development of Novel Small-Molecule Inhibitors of Bcl-2
and Bcl-xL Proteins as a New Class of Anticancer Drugs

Shaomeng Wang', Keneth Pienta’, Jeanne Stuckey', York Tomita?, Cong Xin', Haibin Zhou', Zaneta
Nikolovska-Coleska’', Chao-Yie Yang', Guozhi Tang', Guoping Wang', Ke Ding’, Han Yi', Feng
Jiang', Jianting Long’, Qiu Su’, Donna McEachern', Jennifer Meagher', Maria Soengas’

! University of Michigan Comprehensive Cancer Center and Life Sciences Institute
% Lombardi Cancer Research Center, Georgetown University

Intensive research in cancer biology has now firmly established that the impaired ability of cancer cells to
undergo apoptosis plays a major role in the resistance of cancer cells to chemotherapy or radiation and for the
failure of current anti-cancer drugs. Evasion of apoptosis is commonly recognized as a hallmark of all cancers.
Hence, future efforts to design new, molecularly targeted, anticancer therapies aimed at improvement in the
survival and quality of life of cancer patients must include novel strategies that specifically target the resistance
of cancer cells to apoptosis. In the past decade, research into apoptosis has identified several classes of
regulators of apoptosis. These critical apoptosis regulators provide important new molecular targets for
anticancer drug design. The anti-apoptotic Bcl-2 family of proteins, including Bcl-2, Bel-xL and Mcl-1,
arguably represents one of the most exciting classes of molecular targets for design and development of an
entirely new class of anti-cancer drugs for the following reasons.

Our NCDDG project aims at the design, synthesis and evaluation of novel nonpeptidic, small-molecule
inhibitors of Bcl-2 and Bcl-xL proteins as a new class of anti-cancer drugs through a structure-based,
contemporary, multidisciplinary and integrated drug discovery approach. Compared to the existing antisense
oligonucleotide strategy targeting Bcl-2 and Bel-xL, properly designed and optimized nonpeptidic small-
molecule inhibitors of Bcl-2 and Bcl-xL should have several major advantages as drug molecules. These include
improved cell-permeability, in vivo stability and bioavailability, ease of administration and lower cost.
Discovery and design of small-molecule inhibitors of Bcl-2 and Bel-xL is a new and exciting research area for
development of an entirely new class of anti-cancer drugs to overcome apoptosis-resistance of cancer cells. We
will present our latest progress on the discovery and development of novel small-molecule inhibitors of Bcl-
2/Bcl-xL as a new class of anticancer agents.

Keywords: apoptosis, novel small-molecule inhibitors, Bcl-2 and Bcl-xL proteins
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030 Potent Indole-3-Carbinol-Derived Antitumor Agent with Pleiotropic
Effects on Multiple Signaling Pathways

Jing-Ru Weng, Chen-Hsun Tsai, Dasheng Wang, Aaron M. Sargeant, Samuel K. Kulp, Ching-Shih
Chen

Division of Medicinal Chemistry, College of Pharmacy and Comprehensive Cancer Center, The Ohio State
University

During the course of tumor progression, cancer cells constitutively up-regulate cell proliferation- and cell
survival-regulatory signaling mechanisms, thereby overcoming genomic instability and/or acquiring a drug-
resistant phenotype. From a clinical perspective, it is desirable to concomitantly target these molecular
abnormalities by using a combination therapy or an agent with pleiotropic effects to optimize therapeutic
outcomes. This rationale constitutes the molecular basis for structurally optimizing indole-3-carbinol to develop
potent antitumor agents with pleiotropic modes of mechanism. This effort has culminated in the generation of
OSU-A9, an acid-stable derivative, which exhibits a two-orders-of-magnitude higher antiproliferative activity
than indole-3-carbinol. From a translational perspective, OSU-A9 provides considerable therapeutic advantages
over indole-3-carbinol with respect to chemical stability and anti-tumor potency. Relative to indole-3-carbinol,
OSU-A9 displayed striking similarities in its effects on modulating the functional status of a multitude of
signaling targets relevant to survival and cell cycle progression in cancer cells. These targets include Akt and its
downstream effectors GSK3b and Bad, the MAP kinases p38, and JNK, the Bcl-2 family members Bax, Bcl-2,
Bcl-xL, and Mcl-1, the inhibitor of apoptosis protein (IAP) survivin, NF-kB, cyclin D1, and the CDK inhibitors
p21 and p27. Equally important, OSU-A9 perturbs estrogen receptor signaling, and suppresses HER2 and
CXCR-4 expression in breast cancer cells, which has significant implications in the therapy of metastatic,
estrogen-dependent cancers. Despite this broad range of antitumor activities, normal prostate epithelial cells and
nonmalignant MCF-10A breast epithelial cells were less susceptible to the antiproliferative effect of OSU-A9
than the respective cancer cell lines, reflecting the in vivo tolerance of this drug in tumor-bearing nude mice. Our
data indicate that oral OSU-A9 at 25 mg/kg/day could effectively suppress tumor xenograft growth in various
cancer animal models, including those of prostate, breast, liver, and pancreas, without incurring overt toxicity.
The effects of OSU-A9 on various intratumoral biomarkers were qualitatively similar to those observed in vitro,
indicative of the oral bioavailability and in vivo efficacy of OSU-A9 in tumor-bearing mice. Although indole-3-
carbinol has been reported to cause centrilobular hepatocellular hypertrophy and to induce hepatic Phase I and
Phase II enzymes in rodents, oral OSU-A9 is not a significant inducer of the biotransformation enzymatic
system.

Reference: Weng et al. Cancer Res. (2007) 67, 7815-24.
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031 A Phase Il Study of Neoadjuvant Bevacizumab and Radiation Therapy
for Resectable Soft Tissue Sarcomas

Sam S. Yoon, Courtney Rothrock, Edwin Choy, David C. Harmon, Francis J. Hornicek, Dempsey S.
Springfield, Kevin A. Raskin, Andrew E. Rosenberg, G. Petur Nielsen, Dushyant Sahani, Thomas F.
DelLaney

Departments of Surgery, Medicine, Orthopedics, Pathology, and Radiology, Massachusetts General Hospital

Background: Human cancers such as soft tissue sarcomas (STS) often overexpress vascular endothelial growth
factor (VEGF), leading to irregular and porous tumor blood vessels. Numerous pre-clinical studies have shown
that anti-VEGF agents increase the efficacy of radiation therapy against solid tumors, but there are few clinical
trials. Bevacizumab is a humanized anti-VEGF monoclonal antibody that binds VEGF and inhibits its activity.

Methods: We designed a phase Il clinical trial to examine the use of neoadjuvant bevacizumab combined with
radiation therapy for patients with intermediate- or high- grade, >5 cm STS. Patients received bevacizumab for 2
weeks followed by a combination of bevacizumab and radiation for 6 weeks. Tumors were then resected 6-7
weeks after the completion of therapy. Perfusion CT scans were be used to assess tumor blood flow and vascular
permeability during treatment. Serial blood samples were collected to assess changes in circulating angiogenic
factors, and serial tumor biopsies were analyzed by gene expression microarray and immunohistochemistry.

Results: Neoadjuvant bevacizumab and radiation resulted in 5 of 12 tumors (42%) with >85% necrosis, 2
tumors (21%) with 50-85% necrosis, and 5 tumors (42%) with <50% necrosis. Historically, radiation alone
results in >85% necrosis in only 10-20% of sarcomas. Using perfusion CT parameters, we found that tumors
with >85% necrosis following treatment had a dramatic reduction in permeability surface area after just 2 weeks
of bevacizumab compared to that had <85% necrosis (18.4 +/- s.d. 17.45 vs. 10.5 +/- 6.5, p<0.05). Circulating
levels of VEGF and placental growth factor (P1GF) decreased during treatment. Microvessel density per high
powered field (h.p.f) decreased from 21.7 +/- 16.6 to 8.8 +/- 6.5 (p<0.05) after bevacizumab alone and remained
stable following combination therapy (7.4 +/- 6.7). Tumor cell proliferation as measured by PCNA positive
nuclei per h.p.f. decreased from 172.9 +/- 109.8 to 85.7 +/- 91.3 (p<0.05), and apoptosis as measured by
TUNEL positive nuclei per h.p.f. increased from 5.4 +/- 10.6 to 24.8 +/- 21.2) following combination therapy.
DNA microarray data are currently being analyzed.

Conclusions: Bevacizumab may increase the efficacy of radiation therapy against STS, and this may translate
into a reduction of local recurrences. Sarcomas display wide heterogeneity in their vasculature as measured by
several correlative science studies, and these studies may provide biomarkers as to which tumors will respond
best to bevacizumab and radiation.

Keywords: radiation therapy, angiogenesis, sarcomas
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032 DDX3 Associates With DR5 and Negatively Regulates Apoptosis Signal
Transduction of the Death Domain

Tong Zhou, Donald J. Buchsbaum, Albert F. LoBuglio

Division of Clinical Immunology and Rheumatology and Departments of Radiation Oncology and Medicine,
Comprehensive Cancer Center, University of Alabama at Birmingham

Therapeutic agents that target death receptors on tumor cells, including the native ligand TRAIL, and agonistic
monoclonal antibodies, have been in the clinical development phase. While these agents are shown to benefit
some cancer patients, the resistance of tumor cells to TRAIL-mediated apoptosis has been a major concern.
Therefore, understanding of the molecular mechanisms by which tumor cells develop apoptosis resistance to
death receptors is important in the development of an effective anti-death receptor strategy for cancer therapy.
We have previously reported that tumor cells can develop an inducible resistance to DR5-mediated apoptosis via
an as yet unknown mechanism. We have identified DDX3, a member of the DEAD Box protein family, as a
novel death receptor-associated adapter protein, which associates with a non-death domain region of the
cytoplasmic tail of DR5 and recruits cIAP1 via its Caspase Recruiting Domain (CARD), thereby forming an
inhibitory complex of DR5/DDX3/cIAP1 to antagonize the death domain function. A mutant form of DRS
lacking the DDX3 binding domain was more pro-apoptotic than the wild-type form. Knockdown of DDDX3
significantly enhanced DRS5-mediated apoptosis. A dominant mutant form of DDX3 lacking the CARD reversed
apoptosis resistance in tumor cells. The levels of cIAP1 and other apoptosis inhibitory proteins in the
DR5/DDX3 complex were correlated with the susceptibility/resistance of tumor cells to DR5-mediated
apoptosis. Thus, the DR5/DDX3/IAP complex might serve as a drug target for specific enhancement of DR5-
mediated apoptosis, and might be a critical biomarker to predict tumor cell response to DRS5-mediated apoptosis.

Keywords: DDX3, DR5, apoptosis
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033 RNAi Analysis and Screening for the Study of Cancer Gene Function
and Anti-Cancer Therapeutics

Natasha J. Caplen

Gene Silencing Section, Genetics Branch, Center for Cancer Research, National Cancer Institute

The identification of the RNAi mechanism in mammalian cells has had a profound impact on our understanding
of the post-transcriptional regulation of gene expression. Further, the discovery of RNAIi has provided the
scientific community with a powerful means for conducting functional studies in a gene-specific manner.
Currently, RNAi-based technologies offer the most versatile approach for conducting gene specific loss of
function (LOF) studies that are critical for determining normal and/or cancer-related roles of proteins. RNAi-
based technologies have the potential to enhance many aspects of the anti-cancer drug development process. For
example, we are using RNAI analysis and screening to probe the impact of specific genes on drug-activity,
including the study of genes involved in multiple drug resistance and the relationship between 4ASNS gene
expression and sensitivity to the anti-leukemia agent L-Asparaginase. We are also using a chemosensitization
(synthetic lethal) approach that combines the decrease of a protein through RNAi with administration of a small
molecule or biologic to identify new proteins that directly or indirectly modulate the pharmacology of anti-
cancer therapeutics. This RNAi screening approach has the potential to enhance the clinical application of an
established or investigational drug by, (1) identifying synergistic molecular targets that exploit complementary
vulnerabilities within a cancer cell, (2) enabling the use of lower concentrations of a drug that exhibits dose-
dependent non-specific toxicities, (3) overcoming drug resistance, and (4) broadening the clinical application of
a drug to other cancer types. This approach can also be used to identify antagonists of drug activity that may be
relevant to the response of patients to drugs. To date our chemosensitization RNAi screens have led us to
investigate the role of the ribonucleotide reductase complex in the cellular response to the topoisomerase 1
inhibitor camptothecin (CPT). We have also identified MAP3K7 (TAK1) as a potent agonist of CPT and its
clinical derivatives. These studies illustrate the importance of RNAi analysis and screening in translational
research with a goal of directly impacting therapeutic approaches to cancer.

Keywords: RNAIi, chemosensitization, screening

FOR INTERNAL USE ONLY 33



Agents: Cancer Stem Cell, Gene Expression, & Epigenetic Targets

034 Exploiting Gene Expression Profiling to Identify Novel Minimal Residual
Disease Markers of Neuroblastoma

Irene Y. Cheung, Yi Feng, William Gerald, Nai-Kong V. Cheung

Departments of Pediatrics and Pathology, Memorial Sloan-Kettering Cancer Center

Despite achieving clinical remission, many patients with metastatic neuroblastoma (NB) relapse and die, due in
part to the presence of subclinical minimal residual disease (MRD). Immunotherapy and biologic therapy
directed against MRD can improve outcome. The ability to measure MRD is critical for gauging the success of
these targeting approaches, especially in the key metastatic compartments of marrow and blood. However, no
single MRD marker will be adequate because of tumor heterogeneity. Genome-wide expression profiling can
uncover novel genes differentially expressed in NB tumors over normal marrow/blood with potential as MRD
markers.

Gene expression array was carried out on 48 stage 4 NB tumors and 9 remission marrows using the Affymetrix
U-95 gene chip. 34 genes with a tumor-to-marrow expression ratio higher than tyrosine hydroxylase, the most
widely used NB marker, were identified. Quantitative RT-PCR was performed on all 34 genes to study the
sensitivity range of tumor cell detection and the expression of these genes in normal marrow/blood samples and
in stage 4 NB tumors. Top ranking markers were then tested for prognostic significance in the marrows of stage
4 patients collected from the same treatment protocol after 2 cycles of immunotherapy (n=116).

Based on sensitivity assays, 8 top-ranking markers were identified: CCND1, CRMP1, DDC, GABRB3, ISL1,
KIF1A, PHOX2B, and TACC2. They were also highly expressed in stage 4 NB tumors (n=20) and had low to
no detection in normal marrow/blood samples (n=20). Moreover, expression of CCND1, DDC, GABRB3, ISLI1,
KIF1A, and PHOX2B in marrows sampled after 2 treatment cycles had prognostic impact on the progression-
free and overall survival of these stage 4 patients with a median followup of 5.9 years (p<0.001).

In conclusion, marker discovery based on differential gene expression profiling, stringent sensitivity and
specificity assays, and well-annotated patient samples, can rapidly prioritize and identify novel MRD markers of
neuroblastoma.

Keywords: minimal residual disease, molecular markers, gene expression profiling
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035 Understanding and Targeting Cancer Stem Cells

Curt Civin, Robert Brodsky, Richard Jones, Saul Sharkis, Donald Small, Alan Friedman, Robert
Georgantas, Steven Goodman, Mark Levis, William Matsui, Sarah Wheelan

Sidney Kimmel Comprehensive Cancer Center, The Johns Hopkins University School of Medicine

As we identify and isolate normal tissue-specific stem cells and Leukemia Stem Cells (LSCs), we are assessing
the activity of and role of critical molecular signaling pathways in normal stem-progenitor cells and LSCs. For
example, our Program Project Grant studies include the following directions:

Separate LSCs using properties that distinguish normal tissue-specific stem cells from their differentiated
progeny. In addition, we will investigate whether the divergent outcomes between “pediatric-type” and
“adult-type” acute lymphoblastic leukemia (ALL) are the result of different stem cell populations. In clinical
trials, we will test whether targeting ALL stem cells via inhibition of the hedgehog pathway (e.g.,
Smothened) or telomerase will improve the outcome in adult ALL.

Determine if the FLT3 mutation is expressed in LSCs from patients with FLT3 mutant acute myeloid
leukemias (AMLs). In addition, we will evaluate whether LSCs from patients with FLT3 mutant AML are
heterogeneous with respect to response to in vivo treatment with FLT3 inhibitors. We will also study how
other oncogenes (known to occur in associate with mutated FLT3 in human leukemia cases) cooperate with
mutant FLT3 to transform normal hematopoietic stem-progenitor cells into LSCs. The understanding gained
may influence design of future clinical trials employing FLT3 inhibitors.

Quantify microRNA expression at defined steps of normal human and mouse hematopoietic development,
and in LSCs versus the bulk populations of leukemia cells in a given patient sample. In addition, we will
determine the cell and molecular mechanisms by which selected microRNAs affect the differentiation and
biology of primary human hematopoietic stem-progenitor cells and LSCs. This understanding may inspire
clinical trials of microRNA mimics or microRNA antagonists, or of drugs directed at pathways regulated by
microRNAs.

Keywords: cancer stem cell; tyrosine kinase; microRNA
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036 The Quiescent Cancer Stem Cell and Defective Quorum Sensing: Major
Obstacles to Curative Treatment of Cancer

Bayard Clarkson, David Wisniewski, Maurizio Affer, Dao Su, Darren Veach, Chong-Yuan Liu, Caryl
Lambek

Molecular Pharmacology and Chemistry Program, Memorial Sloan-Kettering Cancer Center

There is increasing evidence that most lethal cancers are initiated by oncogenic mutations in adult stem cells or
in progenitors with innate potential stem cell properties which, when mutated, are able to function as de facto
cancer stem cells. Requisite stem cell properties include extensive self-renewing ability, relative resistance to
apoptosis and senescence, and the necessity of spending a substantial part of their life-span in a dormancy state
to lessen the risk of errors from repeated divisions, and to allow time for repair and elimination of noxious
chemicals and toxins, including cytotoxic drugs. Quiescent cancer stem cells are not killed by drugs designed to
kill proliferating cells, and their survival is a major reason for failure to cure even highly chemo-sensitive
tumors. Another hallmark of cancer stem cells is their failure to respond to normal regulatory mechanisms that
curtail cell production when a normal homeostatic cell density equilibrium is reached, balancing cell production
and cell death. While it is known that many cell cycle and apoptotic genes and signaling pathways controlling
proliferation are dysregulated in cancer cells, little is known about the specific molecular abnormalities
responsible for their inability to maintain normal homeostatic cell densities that might be targetable, nor how
bacterial quorum sensing (QS) systems regulating cell densities may resemble mammalian QS systems. We
have previously found that quiescent CML stem and progenitor cells are more easily triggered into cycle by
cytokines than comparable normal cells, suggesting they may be at a later stage of development and less
responsive to normal regulatory mechanisms.

The central focus of our research is to search for selective targetable differences between normal and CML
quiescent stem cells. We chose CML because highly effective ber-abl inhibitors are available that can eliminate
the great majority of proliferating cells in early stage disease with relatively little toxicity. However, these drugs
are not curative and we propose a major reason is because the quiescent CML stem cells are resistant to these
drugs as well as to most other drugs yet tested by ourselves and others. Using a wide variety of methods, we
have isolated highly purified subpopulations of proliferating and quiescent normal and CML stem and
progenitor cells. In quiescent (CD34+/Go) normal but not CML cells compared to cycling cells
(CD34+/GSG;M) there is down-regulation of CD38 and up-regulation of stem cell-associated genes including
ALDH, HLF, and GATA3. In comparing CML and normal CD34+/Gg cells, a number of stem cell associated
genes are down-regulated in CML Gy cells, including CD133 ({20 fold),. MSI2, HLF, GBP2, and DLG7, and
there is up-regulation of genes characteristic of erythro-megakaryocyte development (CD36, KLF-Hemoglobin
B, 0, v, TFR2 and CD41, providing additional evidence that the majority of Go CML cells belong to a more
differentiated compartment than the normal G cells. Of all the genes up-regulated in CML Gq cells we first
focused on the Leptin receptor (LepR) because the Ra isoform is one of the most over-expressed genes (20
fold), and, being a receptor, it might be used to distinguish quiescent CML cells from normal ones and possibly
serve as a target for a drug or armed antibody. We are currently further enriching and characterizing normal and
CML stem cells (i.e. CD34+CD38-Thy1+CD45RA-) and also examining other differences in signaling
molecules and pathways (e.g. CD133, Akt-FOXO, PI3K, lipid raft formation) that we suspect may explain why
CML stem cells continue cycling and producing cells long beyond normal homeostatic limits. If we are
successful in identifying targetable differences and developing effective selective drugs for quiescent CML
stem/progenitor cells, it is likely this research will be applicable to many other types of cancer.

Keywords: cancer stem cell, CML, microarray
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037 Targeting Epigenetic Modifications in Breast Cancer

Nancy Davidson (presented by Miquel Villalona)
Ohio State University

Purpose: To develop an Early Therapeutics Program with emphasis in Phase II clinical trials at an NCI
designated Comprehensive Cancer Center that can support itself as a single institution, thus limiting multi-
institution consortia related regulatory, implementation and monitoring issues. In addition to cost savings, this
approach would enable interdisciplinary and interdepartmental at a major academic university.

Methods: Clinical trialists and basic scientist with interest in Experimental Therapeutics were assembled into a
matrix which incorporated 4 platforms: 1- clinical, 2- correlative science, 3- imaging and radiation, and 4-
biostatistics/informatics. An advisory committee and a Data Safety Monitoring Board were established with the
purpose of advising and overseeing the activities of this program and his Principal investigator. The clinical
platform was composed by A- disease specific groups directed by specific leaders in 1- lung, 2- breast, 3-
gastrointestinal, 4- GYN, 5- lymphoid, and 6- myeloid malignancies; B- special populations program with
leaders in 1- minority populations, 2-thyroid/neuroendocrine and 3- CNS malignancies; and C- nursing,
reporting and regulatory. The Correlative Science platform was composed by groups specializing in assay
development & pharmacokinetics, pharmacogenomics, tissue procurement, and biological fluid procurement
and processing. Imaging and Radiation was composed by groups specializing in research imaging, radiation
oncology and procedural radiology, with a pathologist interfacing with the correlative science platform.
Complementing the above was the Biostatistics and Informatics component helping with the design, and data
assembly and interpretation.

Results: At 2 5 years post-implementation (June 30, 2008) this contract has opened 18 clinical trials in 13
different malignancies (hepatocellular, biliary, multiple myeloma, merkle cell, thyroid, melanoma, AML, CLL,
myelofibrosis, gliomas, breast, skin and prostate) with 227 patients enrolled to date. Notable examples in
relatively hard to accrue malignancies are discussed below:

m GWS572016 is a potent and selective dual inhibitor of EGFR and ErbB2 TK activity. We hypothesized that
GW572016 should be active in the treatment of hepatobiliary carcinomas given the beneficial clinical
effects observed with EGFR-TK inhibition in this group of patients plus the additional blockade of ErbB2
with which EGFR heterodimerizes to transduce signal. Response to or resistance may be controlled by
functional expression of the intended target. 28 pts with HCC were accrued. Although no objective
responses were observed, 8 (31%) patients had stable disease (SD) including 2 (7.6%) with SD lasting > 6
months. Tissue and blood specimens were available on >95% of patients to evaluate the correlative
hypothesis.

m  The hypomethylating agent decitabine was evaluated as a single agent in patiets with AML >60 years old,
previously untreated, not candidates for or who refused standard induction. The dose was based on a
previous NCI sponsored phase I study (NCI 6236, Blum JCO 2007) conducted under the OSU UO01, derived
from a plan to pick a dose of decitabine based on a gene re-expression endpoint in that study. Induction was
for 10 days at 20mg/m?/day. The post-induction therapy was abbreviated and individually customized to
each patient’s counts (3-5 days of decitabine/cycle). Cycles were repeated every 4-5 weeks. From May 07 to
June 08, 32 pts have been accrued (of a planned 33). Response data on the first 16 patients enrolled 8
achieved CR (by IWG criteria with complete count recovery), 2 went on to alloPB stem-cell transplant, 4
achieved CRi , 4 had progressive disease. Several patients have been in CR 6+ months.

Conclusions: As it has been demonstrated for Phase I trials (UO1 mechanism), our experience suggests that
contracts for Phase II trials can be successfully allocated to single institutions within the frame of a large
academic institution with an NCI designated Comprehensive Cancer Center, at a fraction of the cost required by
multi-institutional consortia.
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038 Use of International HapMap Cell Lines for Pharmacogenomic Discovery

M. Eileen Dolan, Christine Hartford, Peter H. O’'Donnell, Bridget E. Mcllwee, R. Stephanie Huang,
Wasim Bleibel, Emily Kistner, Wei Zhang, Shiwei Duan

Departments of Medicine and Health Studies, University of Chicago

The International HapMap Project provides a resource of genotypic data in human lymphoblastoid cell lines
(LCLs) that can be used to identify genes affecting complex traits including gene expression and sensitivity to
drugs. We evaluated gene expression and sensitivity to chemotherapy in the full set of HapMap lymphoblastoid
cell lines derived from individuals of European (CEU), African (YRI) and Asian (ASN) ancestry. Gene
expression was evaluated for 9,156 genes using the Affymetrix GeneChip® Human Exon 1.0 ST Array for CEU
and YRI samples. Differences in sensitivity to chemotherapy that could be due to differences in gene expression
or in genetic variants affecting protein function were observed between CEU, YRI and ASN cell lines. We
therefore developed an unbiased, whole genome cell based model integrating genotype, gene expression and
sensitivity of HapMap cell lines to chemotherapeutic drugs. Cell growth inhibition at increasing concentrations
of chemotherapeutic agents was evaluated. SNP genotype and the ICs, (concentration required to inhibit 50%
cell growth) of each agent were linked through whole genome association. A second QTDT association test was
performed between SNP genotype and gene expression, and linear regression was then utilized to evaluate the
correlation between gene expression and drug ICso. We identified pharmacogenetic signatures significantly
associated with sensitivity to cisplatin, carboplatin, daunorubicin, etoposide, capecitabine, araC and pemetrexed
and in some instances these genetic variants were associated with gene expression. A multivariate model
indicated that a limited number of genetic variants explained approximately 20-65% of the observed human
variation in cellular sensitivity to these chemotherapeutic agents. Thus, cell lines derived from CEU, YRI and
ASN populations were utilized to build predictive models to identify genetic signatures for susceptibility to
chemotherapy-induced cytotoxicity. This unbiased genome-wide approach allowed identification of unique,
population-specific pharmacogenomic signatures to explain variation in cellular susceptibility to
chemotherapeutic-induced cytotoxicity that may be considered for clinical validation. Furthermore, there are
many cellular phenotypes that can be studied in these cell lines to gain insight as to how genetic variation
contributes to phenotypic variation. This model can be applied to the identification of genetic variants acting
through expression on many cellular phenotypes.

Keywords: capecitabine, pharmacogenetic, genetic association
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039 An Orally Bioavailable Small Molecule Inhibitor of Hedgehog Signaling
Inhibits Tumor Initiation and Metastasis in Pancreatic Cancer

Georg Feldmann, Volker Fendrich, Karen McGovern, Djahida Bedja, Savita Bisht, Hector Alvarez,
Jan-Bart Koorstra, Nils Habbe, Collins Karikari, Michel Mullendore, Kathleen L. Gabrielson, Rajni
Sharma, William Matsui, Anirban Maitra

The Johns Hopkins University

Background and Aims: Recent evidence suggests, that blockade of aberrant Hedgehog (Hh) signaling can be
exploited as a therapeutic strategy for pancreatic cancer. Our previous studies using the prototype Hh small
molecule antagonist cyclopamine had demonstrated the striking inhibition of systemic metastases upon Hh
blockade in spontaneously metastatic orthotopic xenograft models. Cyclopamine is a natural compound with
suboptimal pharmacokinetics, which impedes the clinical translation of this promising line of therapy. In the
present study, a novel, orally bioavailable small molecule Hh inhibitor, IPI-269609, was tested using in vitro and
in vivo model systems.

Methods and Results: /n vitro treatment of pancreatic cancer cell lines to IPI-269609 resembled effects
observed using cyclopamine, namely Gli-responsive reporter knockdown, downregulation of the Hedgehog
target genes Glil and Ptch, as well as abrogation of cell migration and colony formation in soft agar. Single-
agent IPI-269609 profoundly inhibited systemic metastases in orthotopic xenografts established from human
pancreatic cancer cell lines, although Hh blockade had minimal impact on primary tumor volume. The only
discernible phenotype observed within the treated primary tumor was a significant reduction in the population of
aldehyde dehdrogenase (ALDH)-bright cells, which we have previously identified as a clonogenic tumor-
initiating population in pancreatic cancer. Selective ex vivo depletion of ALDH-bright cells with IP1-269609 was
accompanied by significant reduction in tumor engraftment rates in athymic mice.

Conclusions: Pharmacological blockade of aberrant Hh signaling might prove to be an effective therapeutic
strategy for inhibition of systemic metastases in pancreatic cancer, likely through targeting subsets of cancer
cells with tumor-initiating (“cancer stem cell”) properties.

Keywords: pancreatic cancer, metastases, hedgehog
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040 Defining Genetic Subgroups of Melanoma and Determining Optimal
Targeted Therapy: Parallel Preclinical Studies and Clinical Trials

Keith T Flaherty', Keiran S M Smalley?, Min Xiao?, Maurizia Dalla Palma?, Mercedes Lioni?,
Meenhard Herlyn? Katherine L. Nathanson’

' Abramson Cancer Center of the University of Pennsylvania
% Wistar Institute

The identification of somatic genetic changes that activate signal transduction pathways at distinct points has
allowed for the delineation of genetic subsets of tumors for which specific targeted therapies can be developed.
Based on mutual exclusitivity of activating mutations in the MAPK pathway, melanomas can be stratified into
three groups: BRAF (60%), NRAS (15%) and KIT (3%). However, additional mutations are known to occur in
the PI3K and p53/Rb pathways which will likely influence responsiveness to MAPK pathway targeted therapy.
We currently characterize these mutations prospectively for patients with metastatic melanoma for inclusion into
clinical trials. We are evaluating the first selective BRAF inhibitor (PLX4032) with preclinical activity only in
BRAF-V600E mutated tumors in a phase I/II trial; a less selective BRAF inhibitor (RAF-265) which
demonstrates activity against BRAF and NRAS mutant cell lines in a separate phase I/II trial; and the c-kit
inhibitor, imatinib, in a phase II trial for patients with K/T mutations.

While conducting the clinical trials with PL.X4032 and RAF-265 we are interested in identifying determinants of
therapeutic resistance in vitro to BRAF-inhibitors in melanomas that carry the common BRAF V600E mutation.
We identified a set of metastatic melanomas and melanoma cell lines, which harbored either concurrent BRAF
V600E andCDK4 mutations or concurrent BRAF V600E and cyclin D1 (CCNDI) amplification. We found that
cell lines with a CDK4 mutation alone did not have increased resistance to a BRAF-inhibitor, whereas a cell line
with a CDK mutation and CCNDI amplification did. We overexpressed CCND1 alone and in the presence of
CDK4 in a drug sensitive melanoma line. CCND1 overexpression alone increased resistance, which was
enhanced with concurrent overexpressed of CDK4. Increased levels of cyclin D1, resulting from genomic
amplification, may contribute to the BRAF-inhibitor resistance of BRAF-V600E mutated melanomas. Secondly,
we were interested in determining whether non-V600E BRAF mutated melanomas responded differently to
therapies than V600OE melanomas. We identified two additional subgroups with genetic activation of the MAPK
pathway for which distinct therapeutic strategies appear appropriate. Melanoma lines with non-V600E
mutations in BRAF (G469E, D549V) are highly resistant to MEK inhibition; however they were sensitive to the
CRAF inhibitor sorafenib; unlike BRAF V600E cell lines.

Prior studies have shown low-activity mutants of BRAF signal via CRAF. Sorafenib down-regulated CRAF
targets, suggesting that sorafenib may be ideally suited for this small subset of melanomas. Lastly, we wanted to
study melanomas without activating mutations in BRAF or NRAS, as these constitute a substantial group of
tumors. We used a genomic strategy to identify a group of melanomas and melanoma cell lines with co-
amplification of CDK4 and KIT. Pharmacological studies showed they were resistant to BRAF inhibitors but
sensitive to imatinib in both in vitro and in vivo melanoma models. This may be a sub-population, in addition to
those with KIT mutations, for which KIT inhibitors could be used. Based on our studies, we can suggest optimal
therapies for the two novel sub-groups of melanomas, sorafenib (or other CRAF inhibitors) in non-V600E
BRAF mutated and imatinib (or other KIT inibitors) KI7/CDK4 co-amplified melanomas. In addition, we have
demonstrated in patients with BRAF V600E mutations, additional genotyping will need to be done in order to
identify factors that confer resistance to Raf inhibitors. In particular concurrent CCNDI amplification appear
likely to confer resistance to BRAF-inhibitors. If validated, subsequent phase II trials would focus on patients
whose melanoma harbor BRAF V600E, but not CCND1 amplification. These studies strongly support the
genetic classification of melanomas should be done prior to treatment and demonstrate how they can be used to
guide therapeutic selection.

Keywords: melanoma, somatic mutations, kinase inhibitors
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041 DNA Methylation, Gene Expression, and Genetic Background as
Markers for Advanced Melanoma and Responsiveness to 5-Aza-2’-
Deoxy-Cytidine Induced Growth Arrest

Ruth Halaban, Michael Krauthammer, Mattia Pelizzola, Elaine Cheng, Yasuo Koga, Sherman
Weissman, Daniela Kovacs, Mario Sznol, Stephan Ariyan, Deepak Narayan, Antonella Bacchiocchi,
Annette Molinaro, Yuval kluger, Mauro Picardo, Jan Johannes Enghild

Departments of Dermatology, Pathology, Epidemiology and Public Health, Genetics, Comprehensive Cancer
Center Section of Medical Oncology, Surgery, Yale University School of Medicine; Department of Cell Biology, New
York University School of Medicine; San Gallicano Dermatological Institute, Rome, Italy; and University of Aarhus,
Science Park, Denmark

Aberrant changes in gene activity due to chromatin remodeling involve methylation/demethylation of cytosine
at cytosine-guanine (CpQ) pair rich islands in promoter regions and post-transcriptional modifications
(acetylation/methylation) of histones. Aberrant gain or loss of DNA methylation causes altered expression of
genes associated with the malignant phenotype and can be used as a tumor marker. Furthermore, the reversible
nature of epigenetic changes in chromatin is the rationale for clinical trials with DNA demethylation agents such
as 5-Aza-2’-deoxy-cytidine (5-Aza-CdR, also known as decitabine), or its analogue 5-azacytidine. However,
patients’ responses are variable and there is a need for molecular markers that can predict and/or monitor the
efficacy of therapy. There is also a need to identify possible targets that can synergize with 5-Aza-CdR,
especially since combination therapies have shown to enhance 5-Aza-CdR’s anti-cancer effect.

Our goal is to identify genetic and epigenetic markers, as well as gene expression signatures associated with the
development of melanoma, resistance and sensitivity to 5-Aza-CdR, and the identification of agents that can act
in synergy with the drug. Toward these goals, we monitored the sensitivity of 8 patient-derived tumor cells,
most from short-term cultures, to 5-Aza-CdR employing cell proliferation and apoptotic assays. The melanoma
cells were subjected to global differential gene expression analyses in response to low concentration (0.2 uM) of
5-Aza-CdR employing NimbleGen whole genome expression arrays. We also performed MeDIP (Methylated
DNA Immuno-Precipitation) assays to capture and contrast whole genome expression and methylation status in
melanoma and normal melanocytes. Further, we sequenced melanoma cells for known melanoma mutations.

In agreement with the clinical experience, our examination revealed that only a subset of 5-Aza-CdR treated
cells exhibited signs of growth arrest and apoptosis. Whole-genome differential gene expression, as well as
selective protein analyses, ruled out the involvement of genes and proteins involved in the DNA damage
response and p53 induction. The finding is consistent with the fact that we used a low concentration (0.2 uM) of
5-Aza--CdR, which acts by incorporating into DNA and downregulation of DNMT. On a global scale, gene
enrichment analysis using Gene Ontology (GO) revealed that 5-Aza-CdR caused differential gene expression of
genes associated with the extracellular region, response to wounding, response to external stimulus, protease
inhibitor activity, and genes associated with acute inflammatory and immune responses. Experimentally, we
have identified several pathways that can lead to growth arrest in sensitive cells: induction of p21“*', activation
of TGFp pathway genes, and activation of signaling modulators such as PTPN6 and IGFBPS. Furthermore,
analyses based on known genetic mutations ruled out the involvement of BRAF mutation in 5-Aza-CdR
responsiveness, but underscored the role of activated -catenin in contributing to 5-Aza-CdR resistance. Based
on proteasomal degradation of key proteins, we demonstrated beneficial synergy between 5-Aza-CdR and the
inhibitors MG132 and Velcade in 5-Aza-CdR resistant melanoma cell lines. MeDIP analyses followed by
bisulfite-modified DNA sequencing revealed a set of genes that are suppressed by promoter methylation in
advanced, but not primary melanoma cells, that are slightly re-activated by 5-Aza-CdR. We hypothesized that
the components analyzed here could be used as biomarkers for advanced melanoma, patient’s selection,
monitoring treatment, and devising better synergistic therapy to this DNA modifying agent.
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042 Small Molecule Repression of c-Myc Gene Expression in Validated
Tumor Types by Targeting Secondary DNA Structures

Laurence H. Hurley, Biswanath De, Vijay Gokhale, Amanda Baker, Tracy Brooks, Robert Dorr

University of Arizona, College of Pharmacy, Arizona Cancer Center, and BIOS5 Institute

c-Myc is overexpressed in the majority of tumor types, but there is not as yet a successful approach to inhibition
of its expression that has been translated into the clinic setting. Recent in vitro and in vivo studies in lymphoma
(Shachaf et al., 2008, Cancer Res., 68, 5132-5142), osteosarcoma, and colon cancer (Felsher et al. (2008)
Cancer Res., 68, 3081-3086) have revealed that even the transient repression of c-Myc expression results in
selective apoptosis in cancer cells, and in one case (lymphoma), merely turning down the expression of c-Myc
leads to shrinking of tumor cells to their normal sizes, restoring their ability to die as they are supposed to do.

In recent work from David Levens’ lab at NCI (Kouzine et al., 2008, Nature Struct. Mol. Biol., 15, 146—154)
and the Hurley lab at the University of Arizona (submitted for publication), the molecular machine that controls
c-Myec transcription has been characterized. Critically, both the on/off switch and the “cruise control” are
controlled by a combination of negative superhelicity resulting from transcription, together with specific DNA
elements and associated transcriptional factors. Significantly, the DNA sequence encoding the FUSE element
(cruise control) and an NHE III; element (on/off switch) assume non-duplex DNA structures (melted duplex, G-
quadruplexes, i-motifs) that can be targeted by small molecules. Although less well characterized, a number of
other cancer-related targets such as VEGF, Hif-1a, PDGF-A, c-Kit, MYB, and KRAS have similar
transcriptional targets (Qin and Hurley, 2008, Biochimie, in press).

A high-throughput screen using FRET has been established to identify hits for lead optimization of more drug-
like molecules that will modulate c-Myc gene expression by stabilizing the silencer element structures. From
this program several structurally distinct scaffolds have been identified and are being moved forward through
primary and secondary assays.

There is partial clinical validation of this new class of molecular receptors originating from the Hurley/Von Hoff
labs. Quarfloxin (CX-3543), a first-in-class drug that targets a secondary DNA structure (G-quadruplex), is now
in phase Il clinical trials. The lead compound identified in the Hurley lab was successfully transformed through
the medicinal chemistry program at Cylene to the clinical drug Quarfloxin. Quarfloxin disrupts the
nucleolin/rDNA quadruplex complexes, inhibits the elongation by RNA polymerase I, and exhibits potent
antitumor activity in models of cancer. Quarfloxin entered phase I clinical trials in 2005 and then phase II in
2007. A single-agent phase II clinical trial of Quarfloxin is ongoing in neuroendocrine tumors. It is well
tolerated in patients with no substantial toxicities.

In summary, we have identified a promising group of new molecular receptors for drug discovery. c-Myc is
selected as the first molecular target, where there is a demonstrated critical need for an approach to modulate
gene expression. Recent insights into the molecular machine that controls c-Myc gene expression provides a
firm basis for this approach. While the first agent that targets this new receptor type is in phase II clinical trials,
it does not target c-Myc transcription. Lead molecules that target c-Myc transcription have been identified that
are undergoing lead optimization.
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043 Molecular Targeting the Biologics of Prostate Cancer Stem Cells

Elaine M. Hurt, William L. Farrar

Center for Cancer Research, Laboratory of Cancer Prevention, Cancer Stem Cell Section, National Cancer
Institute-Frederick

Cancer stem cells (CSC), also referred to as tumor initiating or tumor progenitor cells, represent a small fraction
of the total tumor cell burden. The tumor initiating or CSC, are characterized compared to the bulk of the tumor
or progeny cells, as having unique cell surface markers, a stem cell-like gene profile, ability to form colonies in
soft agar and establishing heterogeneous tumors from very small numbers of cells. CSC are also highly
suspected to be relatively resistant to conventional drug and irradiative therapies, and are reasoned to be the
residual “seeds” of relapse. We have characterized the CSC population of cells from established prostate cancer
cell lines and patient samples. In vitro, the CSC form spheres of self-renewing cells, with a distinct stem-cell
genomic signature and CD44+24- phenotype. Three biological aspects have been studied, self-renewal (sphere
formation), differentiation into progeny (heterogeneous bulk) tumor cells, and the ability to invade matrigel (in
vitro invasiveness).

The CSC spheres undergo differentiation in the presence of serum or in vivo xenografts. The component of
serum has been identified and peptides against the receptor block differentiation of the CSC in vitro and also the
establishment of primary tumors from CSC in xenograft models. Thus prevention of the differentiation of CSC
into progeny tumor may be a provide and approach to mitigating relapse of residual tumor. Several,
phytochemical compounds were found to kill prostate CSC, without affecting normal stem cells. The
phytochemicals were also shown to block xenograft primary tumors initiated from CSC and the molecular
mechanisms have been determined. Finally, CSC were shown to be the principal subpopulation of tumor cells
that undergo EMT and invade matrigel, suggesting that they may be unique in aspects which can contribute to
metastatic potential. Together, isolation and characterization of CSC allow the investigation of these unique
cellular constituents of tumors so that molecular targets specific to their biologics can be studied.

Keywords: stem cells, prostate, differentiation
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044 DNA Methylation and Chromatin Modifications: Mechanisms and
Applications in Cancer Therapy

Samson T. Jacob, John Byrd, Christoph Plass, Mark Parthun, Said Sif, David Jarjoura, Michael
Grever, Kalpana Ghoshal, Tasneem Motiwala, Sarmila Majumder, David Lucas, Fred Cope

Departments of Molecular and Cellular Biochemistry, Internal Medicine, Center for Biostatistics and Comprehensive
Cancer Center, The Ohio State University

The long-term objective of this translational research program is to advance our basic understanding of the
epigenetic regulation of gene expression in cancer cells and to translate the basic discovery of the molecular
mechanism into clinical trials in patients with chronic lymphocytic leukemia (CLL). One of the aims is to
identify a set of differentially methylated genes in CLL that acts as a CLL DNA methylation signature
stratifying risk groups and potentially predicting prognosis and outcome. This study showed that the death
associated protein kinase 1 (DAPK]I) , a positive mediator of apoptosis, contributes to familial CLL. The
majority of the CD19+ selected CLL samples exhibited high level of methylation of DAPK/ promoter
compared to normal CD19+ B cells from healthy volunteers. DAPK1 expression in CLL cells from 50
unselected patients also showed statistically significant reduction relative to its expression in normal CD19+
cells. Further, from the therapeutics standpoint, treatment with the DNA hypomethylating agent Decitabine
resulted in gradual up-regulation of DAPK1 expression in Raji cells whereas untreated and methylated cells did
not show any detectable expression. Interestingly a family history of CLL incidence ( father, 4 sons, and 7
affected individuals in 3 generations) showed mutation in regulatory sequence upstream of DAPK1 promoter in
the CLL allele and reduced expression of DAPK1 compared to wild type allele. Reduced expression was
followed by promoter methylation in the CLL cells of the affected members. These findings provide new insight
into the role of DAPKI1 in extrinsic and intrinsic pathways of apoptosis and highlight the importance of normal

DAPK1 expression in B cells. We are currently exploiting these findings therapeutically through agents targeting
epigenetic silencing to re-expresss DAPK1 and explore other genes silenced by methylation in CLL that could
also be associated with familial disposition to CLL. The receptor-type protein tyrosine phosphatase gene,
PTPROt, is another gene that is methylated and silenced in CLL. This gene was methylated in a large population
(70%) of primary CLL samples (n=90) . We have established that PTPRO is a novel tumor suppressor. Ectopic
expression of PTPRO¢ in the non-expressing leukemia cells significantly increased sensitivity of these cells to
Fludarabine, a drug used in CLL therapy. Increased apoptosis in PTPROt expressing cells is due to reduced
Mcll expression. We are exploring the possibility that methylation of PTPROt correlates with the high risk CLL
population. The substrates of PTPROt are being explored in order to investigate whether the increased
phosphorylation of a key substrate(s) due to PTPROt suppression plays a role in CLL tumorigenesis. In another
study, mass spec analysis showed significant changes in histone H2A in >80% of the LL patients relative to
healthy control samples. These changes correspond to a decrease in the abundance of two specific variants of
histone H2A . We are currently determining whether the changes in histone H2A variant abundance seen in CLL
patients occur at transcriptional or translational levels. The antibodies of these variants are being currently raised
with some degree of success that would allow immunolocalization and functional studies that relate to their role
in CLL tumorigenesis. Another research focus is aimed at identification of the target genes regulated by BRG1
and hBRM (chromatin remodeling factors/complex)-associated histone methyltrnasferase PRMTS. This study
showed that the suppressor of tumorigenecity 7 (ST7) is a direct target of PRNTS in mantle cell lymphoma. We
are now exploring to see whether it is also target gene in CLL and whether there is a direct correlation between
PRMTS5-mediated symmetric methylation of histones at the promoters of target genes and the expression of
these genes in CLL cell lines and primary CLL relative to control samples. Finally, we have performed a phase

1 minimum effective pharmacologic dose (MEPD) study of Decitabine followed by a phase 11 study of this
agent . In this study, re-activation of the genes suppressed in CLL ( described above ) has been examined to
correlate tumor regression with re-activation of specific tumor suppressor genes. In addition, we are pursuing
alternative mechanisms to target inhibition of methylation in non-dividing cells that include down-regulation of
DNMTs by altering the expression of microRNAs that target DNMT mRNAs.
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045 Epigenetics and Chemotherapy Resistance in Acute Myelogenous
Leukemia

Kroeger H, Jelinek J, Estecio M R, He R, Kondo K, Chung W, Zhang L, Shen L, Kantarjian H M,
Bueso-Ramos CE, Castoro R, Issa J P

Department of Leukemia, The University of Texas M. D. Anderson Cancer Center

DNA methylation of CpG islands around gene transcription start sites results in gene silencing and plays a role
in leukemia pathophysiology. Its impact in leukemia progression is not fully understood. We performed
genome-wide screening for methylated CpG islands and identified 8 genes frequently methylated in leukemia
cell lines and in acute myeloid leukemia (AML) patients: NOR1, CDH13, p15, NPM2, OLIG2, PGR, HIN1, and
SLC26A4. We assessed the methylation status of these genes and of the repetitive element LINE1 in 30 patients
with AML, both at diagnosis and relapse. Abnormal methylation was found in 23%-83% of patients at diagnosis
and in 47%-93% at relapse, with CDH13 being the most frequently methylated. We observed concordance in
methylation of several genes, confirming the presence of a hypermethylator pathway in AML. DNA methylation
levels increased at relapse in 25 of 30 (83%) AML patients. These changes represent much larger epigenetic
dysregulation, since methylation microarray analysis of 9008 autosomal genes in 4 patients showed
hypermethylation ranging from 5.9% to 13.6 % (median 8.3%) genes at diagnosis and 8.0% to 15.2% (median
10.6%) genes in relapse (P<.0001). These data suggest that DNA methylation is involved in AML progression
to chemotherapy resistance and provide a rationale for the use of epigenetic agents in remission maintenance.
Towards that goal, we analyzed AML samples from patients treated with the DNA methylation inhibitor
decitabine and showed efficient global (LINE1) and gene specific (P15) hypomethylation and gene reactivation
shortly after therapy. A clinical trial testing the use of decitabine in remission maintenance in AML has been
initiated.

Keywords: DNA methylation, AML, epigenetic
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046 A novel, High-Throughput Biochemical Screen of Canonical Wnt
Signaling Identifies a Potent and Specific Inhibitor

Ethan Lee, Curtis Thorne, Robert J. Coffey
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We have performed a novel, high-throughput screen to identify small molecule regulators of the canonical Wnt
pathway. Inappropriate activation of canonical Wnt signaling is a critical event in the genesis of many common
human cancers, yet the mechanisms that Wnt regulates signal transduction under normal and pathological
conditions are poorly understood. 3-catenin, a transcription factor, is stabilized by activation of the Wnt
pathway. In the absence of a Wnt ligand, a destruction complex assembled by axin targets f-catenin for
degradation. A Wnt signal inhibits this complex, thus leading to elevated levels of B-catenin that activate gene
transcription. We have previously shown that Xenopus egg extracts accurately recapitulate the degradation of j3-
catenin and developed a mathematical model of Wnt signal transduction. Based on experimental and theoretical
considerations, we hypothesize that Wnt mediated axin degradation is critical for pathway activation and a small
molecule which blocks axin degradation would potently drive down [3-catenin concentrations and prevent
signaling.

We developed a high-throughput assay that recapitulates activation of the canonical Wnt pathway by the Wnt
co-receptor LRP6 in Xenopus egg extracts. Addition of 3-catenin-firefly luciferase and axin-Renilla luciferase
fusion proteins to LRP6 activated Xenopus extracts allowed us to screen drug libraries for regulators of 3-
catenin and axin turnover. Using this forward chemical genetics approach, we screened natural product and
bioactive libraries and identified 19 lead compounds. One of these compounds, VU-WS30, blocks induction of
secondary axis formation in Xenopus embryos in a concentration-dependent manner (an indication of Wnt
pathway inhibition in vivo). In cultured mammalian HEK293 cells, VU-WS30 inhibits Wnt3a-induced
expression from a TOPFLASH reporter (EC50 ~55 nM), as well as the endogenous Wnt gene targets, Myc,
Dkk1 and Axin2. Furthermore, inhibition of Wnt-mediated gene transcription by VU-WS30 correlates with
decreased cytoplasmic -catenin levels in these cells. In cancer cells, VU-WS30 inhibits -catenin-driven
proliferation of breast (MDA-MB231) and colon (SW480 and SW620) lines at similar concentrations (EC50
~55 nM) yet is 100-fold less effective towards non-transformed, non-Wnt signaling human diploid fibroblast,
suggesting specificity towards the [3-catenin-mediated proliferation. VU-WS30 also decreases cytoplasmic f3-
catenin levels and synergizes with 5-FU to induce apoptosis in these cancer cells. Actin staining reveals an
alteration in cellular morphology suggestive of reversal of an epithelial-mesenchymal transition. /n vivo studies
of vulval and cuticle formation in C. elegans and D. melanogaster, respectively, demonstrate that the molecular
target of VU-WS30 is conserved among metazoans. Finally, we show that VU-WS30 is able to inhibit axin
degradation in Xenopus extracts and in cell culture, suggesting that VU-WS30 downregulates the canonical Wnt
pathway by potentiating the function of axin. We predict VU-WS30 will be a valuable pharmacological agent to
study Wnt signaling, and a potential agent for the treatment of Wnt-driven cancers. Of clinical relevance, VU-
WS30 has been approved by the FDA for a non-related use.
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047 Developing More Stable and Potent DNA Methylation Inhibitors
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Silencing of genes critical for normal cellular functions by aberrant methylation of promoter regions is a
hallmark of cancer. Epigenetic therapy with DNA methylation inhibitors results in the demethylation and
reactivation of these tumor suppressor genes. Decitabine, or 5-aza-2’-deoxycytidine (5-aza-CdR), is an
extremely potent inhibitor of DNA methylation and was recently approved by the Food and Drug
Administration for the treatment of myelodysplastic syndrome (MDS). However, since 5-aza-CdR is rapidly
degraded by hydrolytic cleavage and deamination by cytidine deaminase there is the need for more stable and
potent DNA methylation inhibitors. We have characterized a new demethylating agent, Zebularine {1-(beta-D-
ribofuranosyl)-1,2-dihydropyrimidin-2-one}, that possesses a number of properties desirable for a therapeutic
agent. Besides being an effective inhibitor of DNA methylation that preferentially targets cancer cells,
zebularine is very stable and has a half-life of approximately 44 hours at pH 1.0 and 508 hours at pH 7.0 making
oral administration of this drug possible. Indeed, orally administered zebularine causes demethylation and
reactivation of a silenced and hypermethylated p16 gene in human bladder tumor cells grown in nude mice.
Furthermore, we have shown that long-term epigenetic therapy with oral zebularine has minimal side effects and
prevents intestinal tumors in mice. In addition to zebularine, we have developed short oligonucleotides
containing 5-aza-CdR that are able to inhibit DNA methylation in cancer cells and protect 5-aza-CdR from
deamination in vivo. Detailed studies with S110, a 5°-AzapG-3’ dinucleotide , showed that it works via a
mechanism similar to that of 5-aza-CdR with incorporation of its aza-moiety into DNA. This is the first
demonstration of the use of short oligonucleotides to provide effective delivery and prevent enzymatic
degradation. These approaches from our lab may pave the way for more stable and potent inhibitors of DNA
methylation as well as provide means for improving existing therapies.

References: Cheng et al. INCI 95(5):339-409, 2003; Cancer Cell 6:151-158, 2004; Cheng et al. MCB
24(3):1270-1278,2004; Yoo et al. Cancer Res. 67(13):6400-6408, 2007; Yoo et al. Cancer Prev. Res. 2008 in
press.
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048 Alterations In Endothelial Cell Gene Expression In Human Ovarian
Cancer
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Therapeutic strategies based on anti-angiogenic approaches are beginning to show great promise in clinical
studies. However, full realization of these approaches requires identification of key differences in gene
expression between endothelial cells from tumors versus their normal counterparts. Here, we examined gene
expression differences in purified endothelial cells from 10 invasive epithelial ovarian cancers and 5 normal
ovaries using Affymetrix U133 Plus 2.0 microarrays. Over 400 differentially expressed genes were identified in
tumor-associated endothelial cells. We selected and validated 23 genes that were overexpressed by 2.9 to 60-
fold using real time RT-PCR and/or immunohistochemistry. Among these, the polycomb group protein enhancer
of Zeste homolog 2(EZH?2), protein tyrosine kinase 2 (PTK2, also known as Fak), and the Notch ligand Jagged !
were elevated 2.9, 3.0, and 4.3-fold, respectively, in tumor-associated endothelial cells. Silencing EZH2, Fak, or
Jaggedl genes with short interfering RNA (siRNA) blocked endothelial cell migration and tube-formation in
vitro. The present study demonstrates that tumor and normal endothelium differ at the molecular level, which
may have significant implications for the development of anti-angiogenic therapies.

Keywords: angiogenesis, ovarian cancer, novel targets
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049  Targeting Cancer Stem Cells
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Although most hematologic malignancies will respond (often dramatically) to treatment, most patients with
these diseases eventually relapse and die of their disease. In fact, it is becoming clear that clinical responses to
anticancer therapy often do not translate into improved survivals. The cancer stem cells (CSC) concept is an
attractive explanation for the paradox of the relatively poor outcome of cancer patients in the face of high initial
response rates. Although generally considered a disease of malignant plasma cells (PC), we found that multiple
myeloma (MM) arises from a small population of self-renewing CSC that resemble memory B cells. Not only
do these clonotypic B cells circulate in most patients, but they are also resistant to most standard anti-MM
agents and thus appear to be responsible for most disease relapses. The MM stem cells resemble their normal
counterpart quite closely, such that much of their therapeutic resistance appears to result from mechanisms co-
opted from normal stem cells. Reed-Sternberg (RS) cells, the hallmark of Hodgkin lymphoma (HL), are the only
blood cells other than PC to occasionally express CD138; this suggests that RS cells represent aberrant PC
differentiation, and in fact we found that RS cells express a transcriptional profile similar to normal and
malignant PC. Accordingly, we found that HL also appears to arise from CSC that resemble memory B cells,
and that these clonotypic B cells circulate in most HL patients even in early stage disease. A characteristic
shared with normal stem cells, high expression of aldehyde dehydrogenase (ALDH), is a critical component of
our ability to detect circulating CSC in MM and HL.

Although targeting CSC has proved elusive, our data suggest they are still susceptible to novel therapeutic
strategies, such as immune-based approaches. Clearly, the allogeneic graft-versus-tumor effect can eliminate
hematologic malignancy CSC, but is limited by the toxicity of graft-versus-host disease and the availability of
matched donors. About one-third of patients, and most of some ethnic groups, will not have a complete match in
unrelated registries. Even when a match can be found, a median of 4 months is required to complete searches;
thus, some patients succumb to disease while awaiting identification of a suitable HLA-matched donor. The
ability to use haploidentical family members would overcome both of these difficulties. Based on the resistance
of normal stem cells to cyclophosphamide (CY) via their high expression of ALDH, the major mechanism of
CY inactivation, our group developed high-dose CY post-transplant as a means to induce bidirectional tolerance
after allogeneic transplantation. High-dose CY after related haploidentical transplantation results in a toxicity
profile similar to that seen with matched sibling donors. Our group also found that T cells present in the bone
marrow of MM patients kill MM stem cells, and that regulatory T cells play an important role in down-
regulating anti-tumor immunity. Several signaling pathways that are important for the generation and
maintenance of normal stem cells during embryonic development or postnatally (eg, Hedgehog or telomerase)
also are important for the growth of many cancers. Inhibition of these pathways, even when they are not mutated
or overexpressed, produces potent antitumor activity across a range of CSC in vitro, possibly because of the key
roles these pathways play in stem cell maintenance and growth. We found that induction of CSC terminal
differentiation also holds therapeutic promise. Clinical trials targeting CSC immunologically and via these stem
cell pathways are currently ongoing.

Assessing the effects of new therapies on CSC will require new clinical paradigms and methodologies that
evaluate the effects of therapies on the rare CSC, since traditional response criteria measure tumor bulk and may
not reflect changes in rare CSC populations. We believe new paradigms should rely heavily on preclinical
modeling, utilize non-traditional trial endpoints (other than clinical response), and evaluate novel preclinical
assays that assess the fate of CSC. Accordingly, we recently found that quantifying MM stem cells in vivo
predicts progression-free survival after MM stem cell directed therapy.

References: Matsui ef al. Cancer Res. 68:190-7, 2008; Luznik et al. Biol Blood Marrow Transplant. 14:641-50,
2008; Huff et al. Blood. 107:431-34, 2006; Noonan K et al. Cancer Res 65:2026-2034, 2005.
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050 Orthotopic Transplantation of Lung Cancer Stem Cells From Fresh
Surgical Specimen as a Clinically Relevant Mouse Models of Non-Small
Cell Lung Carcinoma

Julian R Molina, Xhi Zue Liu, Viji Shridhar
Departments of Oncology and Experimental Pathology, Mayo Clinic Cancer Center

Background. There is an urgent need for animal models that will not only replicate the biology of non-small
cell lung cancer (NSCLC), but also preserve their cancer stem cell pool. Evidence is accumulating that most, if
not all, malignancies are driven by "a cancer stem cell compartment." As our ability to attack specific targets
increases, a fundamental question remains, "Are we targeting the cancer stem cell pool"?

Methods and Results. We have recently identified cancer stem cells in (NSCLC) and have made the primary
goal of our research to develop novel clinical relevant animal models that can reliably preserve cancer stem cell
pools even during serial in vivo sub-transplantations. Using magnetic bead cell sorting we isolated a population
of lung cancer cells carrying the CD133+/CD34- phenotype. These cells express the germ cell markers
NANOG, SOX2, KLF-4, CD133 and OCT4 and were highly efficient at initiating tumors when injected into
immuno-compromised NOD/SCID mice. In a small pilot project, we isolated CSCs from fresh surgical
specimens and were able to maintain these cells in culture as tumor spheres for up to 6 moths and even to
orthotopically transplant them serially into immuno-compromised NOD/SCID mice. We also found that these
CD133+/CD34-cells were inherently more resistant to chemotherapy agents and radiotherapy. Furthermore, we
found activation of the IGF pathway in cells carrying the CD133+/CD34- phenotype but not in CD133-/CD34+
cells. Since we have developed the skills and tools for isolating lung cancer CSCs are currently working on a
large scale project aimed at establishing xenografts of lung cancer stem cells (CD133+/CD34-) from up to 50
fresh surgical specimens.

Summary. We have been able to isolate, maintain and propagate lung CSCs derived from fresh surgical
specimens. We are in the process of demonstrating that the major abnormalities of the original tumors are also
present in the transplanted tumors, even after multiple transplantations. Additionally, we are using this in vitro
and in vivo model as a tool for testing for validation and testing of new and established anticancer agents in vitro
and in-vivo.

Keywords: lung cancer, cancer stem cells, drug development
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051 Targeted Therapy of Kaposi’s Sarcoma-Associated Herpesvirus (KSHV)-
Associated Multicentric Castleman’s Disease (MCD) Using Antiviral
Drugs that are Activated to Toxic Moieties by KSHV Lytic Genes
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Pittaluga, Elaine S. Jaffe, Giovanna Tosato, David A. Davis, Seth M. Steinberg, Richard F. Little,
Robert Yarchoan

HIV and AIDS Malignancy Branch, Laboratory of Pathology, Laboratory of Cellular Oncology, and Biostatistical and
Data Management Section, Center for Cancer Research (CCR), NCI; AIDS and Virus Cancer Program, NCI-
Frederick; and Clinical Investigations Branch, CTEP, NCI

MCD is a hematological B-cell hyperproliferative disorder characterized by fatigue, fevers, cytopenias, elevated
serum C-reactive protein (CRP), and excessive levels of interleukin-6 (IL-6). Nearly all cases of MCD arising in
HIV-infected patients (pts) are caused by KSHV, and in pts with KSHV-MCD, symptoms are largely caused by
excessive production of a KSHV-encoded IL-6 (vIL-6). KSHV, also called human herpesvirus-8 (HHV-8), is
also the causative agent for Kaposi’s sarcoma (KS), and primary B cell lymphoma (PEL). There is no standard
therapy for KSHV-MCD, although there are reports of pts responding to a variety of agents including interferon
alpha, cytotoxic chemotherapy, or ganciclovir. Overall, prognosis is poor (median survival 14 months). Two
lytic KSHV kinases, encoded by ORF21 and ORF36, can phosphorylate zidovudine (AZT) and ganciclovir to
toxic triphosphate moieties. We found that when these lytic genes are activated, as by hypoxia, PEL cells can be
killed by AZT plus ganciclovir (Cancer Res 2007; 67:7003—10). We are exploring the translation of these
observations to the clinic in pts with KSHV-MCD, taking advantage of the expression of lytic KSHV genes in
the tumor cells. Ten pts with biopsy-confirmed KSHV-MCD and constitutional symptoms were treated with
high dose oral zidovudine (HDAZT), 600mg every 6 hr, and valganciclovir, a pro-drug of ganciclovir, 900mg
every 12 hr. The first-cycle treatment length ranged from 7-21 days. The length of subsequent cycles was 21
days with treatment administered during the first 7 days. Treatment was stopped when pts achieved a complete
response (CR) or plateau in response. Pt characteristics: median age 40 yr (range 33-56); median ECOG
performance status 2 (1-3); median CD4 count 189 cells/uL(range 19-1319); and median HIV viral load <50
copies/ml’ plasma (range <50 to 27,500). All pts were on combination antiretroviral therapy; this was adjusted
during the time pts were on AZT. Eight pts had a history of KS. All had elevated CRP above 0.8mg/dl (median
13.1, range 1.06-38.7 mg/dl) at treatment initiation. A total of 112 cycles have been administered to date, with a
median of 10 (range 3-29) cycles per pt. Nine of 10 pts had documented improvement in constitutional
symptoms, CRP levels, or cytopenias. The median survival has not been reached; the 12 month probability of
survival is 70%, and patients remain alive from 12.5 to 32 months. The median PFS is 5.4 months; two patients
have not yet progressed after 15.5 and 27 months on study. Seven pts remain alive. Treatment was well
tolerated; toxicity included two pts with fatigue (grade [gr] 3), 1 with nausea (gr3), 1 with transaminitis (gr3)
and one with insomnia (gr3). Grade 3 or 4 hematologic toxicity not attributable to disease was seen in only 2 pts.
Two pts developed KSHV-associated lymphoma. Three infectious events occurred, a staphylococcal skin
abscess, streptococcal meningitis and a streptococcal pneumonia. There were no neutropenia-associated
infections. These preliminary data suggest that KSHV-MCD may respond to therapy that targets to two unique
viral enzymes. Accrual continues. This research was supported by the Intramural Research Program of the NIH,
NCL
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052 KLF4 Regulates Notch1 Transcription and Signaling During Epithelial
Transformation
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The Notchl and KLF4 transcription factors function in specification of epithelial cell fate. In a context-
dependent manner, each can also act as an oncogene or a tumor suppressor. We expressed a conditional allele of
KLF4 in rodent RK3E cells, an epithelial model used previously for analysis of Notchl-induced transformation.
In these cells KLF4 rapidly induced expression of Notchl mRNA and the active, intracellular form of Notchl.
In human breast tumors and in the skin of KLF4-transgenic mice, KLF4 and Notch1 protein levels were strongly
correlated, consistent with reports that these are markers of an aggressive subset of cancers. Chromatin
immunoprecipitation analysis showed that KLF4 binds to the Notch1 promoter in MCF10A mammary epithelial
cells, and KLF4 could activate transcription through a minimal Notch1 promoter fragment. siRNA-mediated
suppression of KLF4 gave reduced expression of Notch1 in human mammary cancer cell lines, and knockdown
of Notch1 by siRNA or by inhibitors of gamma secretase (GSIs) suppressed transformation by KLF4.
Unexpectedly, canonical Notch1-CSL signaling was repressed by KLF4. Consistent with a role for a non-
canonical Notchl pathway in KLF4-mediated transformation, dominant-negative inhibitors of canonical Notch1
signaling (CSL, MAML1) did not block KLF4-mediated transformation of RK3E, while they significantly
suppressed transformation by Notch1. Thus, Notchl can transform cells by distinct mechanisms: the canonical
pathway in the absence of KLF4, or a non-canonical pathway in its presence. KLLF4 regulation of Notchl in
epithelia may contribute to phenotypes previously associated with these proteins, including tumor progression in
the skin or breast. Consequently, KLLF4 expression as determined by immunostaining may modify the
therapeutic response to Notch inhibitors, such as GSIs, that are currently in clinical trials.

Keywords: kif4, notch1, gamma secretase inhibitors
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053 Identification of Cells Initiating Human Melanomas
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Tumor initiating cells capable of self-renewal and differentiation, which are responsible for tumor growth, have
been identified in human haematological malignancies and solid cancers. If such minority populations are
associated with tumor progression in human patients, specific targeting of tumor initiating cells could provide
for a novel strategy to eradicate cancers currently resistant to systemic therapy. Here, we identify a
subpopulation enriched for human malignant melanoma initiating cells (MMIC) defined by expression of the
chemoresistance mediator ABCBS5 and show that specific targeting of this tumorigenic minority population
abrogates tumor growth. ABCB5" tumor cells detected in human melanoma patients display a primitive
molecular phenotype and correlate with clinical melanoma progression. In serial human to mouse
xenotransplantation experiments, ABCB5" melanoma cells possess greater tumorigenic capacity than ABCB5
bulk populations and re-establish clinical tumor heterogeneity. In vivo genetic lineage tracking demonstrates a
specific capacity of ABCBS5' subpopulations for self-renewal and differentiation, because ABCB5" cancer cells
generate both ABCB5" and ABCBS5  progeny, whereas ABCBS5™ tumor populations give rise, at lower rates,
exclusively to ABCBS5™ cells. Systemic administration of a monoclonal antibody directed at ABCBS5, shown
capable of inducing antibody-dependent cell-mediated cytotoxicity in ABCB5" MMIC, inhibits tumor xenograft
formation and growth in a proof-of-principal analysis involving a limited number of clinical melanomas.
Identification of tumor initiating cells with enhanced abundance in more advanced disease but striking
susceptibility to specific targeting via a defining chemoresistance determinant has important implications for
cancer therapy.

Reference: Schatton T et al. Nature. 2008 Jan 17;451(7176):345-9.
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054 Targeting Signaling Networks via RNAi Approaches to Improve the
Treatment of Patients With Ovarian Cancer
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Epithelial ovarian cancer (EOC) is the leading cause of death from gynecologic malignancy, and the fifth most
common cause of cancer death among American women. Treatment of EOC poses formidable challenges,
primarily because of the drug resistance ultimately developed by EOC to chemotherapy. Although many trials
currently underway focus on protein-targeted therapies, many are designed without reliable preclinical research
showing that the therapeutic targets are truly essential for ovarian tumor growth and survival. Moreover, insights
from treatment of other cancer types suggest improved treatment requires the use of two or more targeted
therapies used in combination. The underlying theoretical basis for this observation is likely that at time of
presentation, most cancers are no longer dependent on single genetic determinants for growth and/or survival.
Therefore, there is a growing appreciation of the complex interconnection of signaling networks and a need to
eliminate multiple components simultaneously to block potential rescue routes.

Our studies are based on the concepts that (1) for targeted therapies to work, a patient’s tumor must be
“addicted” to the targets, i.e., the activation of targeted proteins and their downstream pathways are essential for
tumor maintenance; and (2) efficacy of targeted therapies will be increased by identifying and simultaneously
blocking “rescue pathways” that contribute to signaling network robustness proximal to the target. The quandary
for EOC is whether there are unique, tumor-specific genes that are subjects of “addiction”. Many candidate
targets, such as EGFR and SRC, have been and are currently being assessed in EOC; to date, inhibition of few
of these has had significant clinical impact. However, the rapidly growing number of targeted therapeutic agents
makes it impossible to test all random combinations of two or more targeted drugs. Therefore, we used mid-
throughput siRNA screens to identify proteins that modify response to a number of molecular targeted agents
such as erlotinib and panitumumab (targeting EGFR), and dasatinib (targeting SRC), that are effective in other
cancer types. In designing a library for this screen, we focused on proteins physically and/or functionally linked
to genes already implicated in EOC (e.g., EGFR, HER2, K-RAS, Src, PI3K, AKT) and designed a custom
siRNA library targeting 638 genes using 1,276 individual siRNAs. From these "synthetic lethality" screens we
uncovered components of several key pathways that synergize with EGFR and/or Src-inhibitors, such as
STAT3, NFkB, and Aurora-A. Although some of our hits are not surprising as sensitizers (e.g. AKT2,
PIK3CA), some of the strongest hits are entirely unexplored in the context of regulating targeted drug response.
We view these as particularly valuable in that they suggest completely new directions in which to consider drug
sensitization, both at the mechanistic and the clinical level. Overall, these studies support creating a new
bioinformatics-based paradigm for the design and implementation of multi-agent combination trials that should
improve the survival of patients with EOC.

Keywords: small interfering RNA (siRNA), chemosensitization, tyrosine kinases
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055 Nuclear Structure and Cancer

Gary S. Stein, Jane B. Lian, Andre van Wijnen, Sayyed K. Zaidi
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Our program project is an integrated, multidisciplinary team approach to experimentally address components of
nuclear organization that are functionally linked to modified transcriptional control in transformed and tumor
cells. Our working hypothesis is that parameters of nuclear structure support cell growth and phenotypic
properties of normal and tumor cells by facilitating the organization of chromosomes, chromatin, genes,
transcripts and regulatory complexes within the dynamic three-dimensional context of nuclear architecture. In a
highly collaborative setting, this Program Project has been instrumental in establishing the contributions of
multiple components of nuclear organization to gene regulation. We have advanced understanding of
intranuclear trafficking of transcription factors, chromatin remodeling, chromosome segregation, structural and
functional properties of the nuclear matrix, and functional nuclear domains. We are further defining mechanisms
that mediate nuclear structure-gene expression interrelationships and will relate changes in nuclear morphology
to aberrant growth of tumor cells. Emphasis is on impaired subnuclear organization and assembly of gene
regulatory machinery in nuclear microenvironments of metastatic breast cancer and leukemia cells that are
associated with compromised biological control. We combine cellular, biochemical, genetic, and molecular
approaches together with in vivo and in vitro model systems to investigate: (1) Mechanisms by which nuclear
structure integrates physiological regulatory signals that converge to support gene expression; (2) chromatin
remodeling mechanisms that render promoter elements accessible to transcription factors and coregulatory
proteins; (3) centrosome organization in relation to altered assembly of the mitotic apparatus, chromosome
segregation, nuclear structure/function, and aneuploidy; (4) mitotic distribution of regulatory complexes to
support post-mitotic transcription; (5) perturbed intranuclear trafficking of tissue-specific transcription factors
with transformation, leukemogenesis and osteolytic activity of metastatic breast cancer cells in vivo.

This program is defining fundamental structural properties of the cell nucleus that support biological control and
are disrupted in leukemia and metastatic breast cancer. We are characterizing components of nuclear
organization that can be targeted for innovative cancer therapies.

Keywords: epigenetic control, cell proliferation, nuclear microenvironments
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056 Targeting Developmental Signaling Pathways, Such As
Hedgehog/Smoothened, In Cancer
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Up-regulation of the developmental signaling pathways, such as Hedgehog/Smoothened signaling pathway
plays a key role in the pathogenesis of many devastating malignancies, and are often surface expressed,
rendering them susceptible to antibodies and small molecule inhibitors. In recognizing the urgent need to
develop new therapies we have exploited intracellular trafficking of key receptors to develop assays that identify
novel antibodies and compounds with therapeutic potential that block receptor signaling including
Hedgehog/Smoothened. We have established a state-of-the-art image based drug and antibody discovery
infrastructure based upon our research to systematically search for small molecule compounds and antibodies
with anti-cancer properties. Recently, as part of our ongoing screening project, we have identified by primary
and secondary screening more than forty potent inhibitors of Hedgehog signaling. We are now performing
studies that will provide the biological rationale and preclinical information to help guide the clinical
development of Hedgehog/Smoothened inhibitors that have desirable characteristics (e.g., linear
pharmacokinetics, poor inducer or inhibitor of P450 enzymes). Our goal is to be able to file an Investigational
New Drug Application (IND) for its therapeutic use within three years. Hedgehog/Smoothened antagonists may
also be effective in cancers of the pancreas, brain, prostate, lung, certain skin cancers and liver.

Keywords: therapies, small molecules, antibodies
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057 Biology and Prognostic Significance of FLT3 Mutations in AML

Todd A. Alonzo, Derek L. Stirewalt, Patrick Brown, Alan Gamis, Jerald P. Radich, Soheil Meshinchi

FLT3 encodes a receptor tyrosine kinase that regulates hematopoietic stem cell differentiation and proliferation.
Activating mutations of FLT3 can occur as a result of an internal tandem duplication of the juxtamembrane
domain (FLT3 internal tandem duplication, FLT3/ITD) or a missense mutation of the activation loop domain
(FLT3 activation loop mutation, FLT3/ALM). FLT3/ITD occurs in acute myeloid leukemia (AML) with an age-
dependent increase in prevalence from <1% in infant AML to >40% in those older than 60 years, and its
presence is associated with high relapse risk and poor outcome. Incidence of FLT3/ALM remains constant in (5-
7%) in all age categories, and its presence does not have prognostic significance. Although FLT3/ITD portends
higher relapse rate, 25-30% of those with FLT3/ITD do not relapse. We have demonstrated that structural
characteristics of FLT3/ITD may affect its biology and clinical significance. Allelic variation of FLT3/ITD,
which is a measure of mutant to wild type allele, accurately defines relapse risk, where those with FLT3/ITD
allelic ratio (ITD-AR) of greater than 0.4 are at extremely high risk of relapse (>90% RR), whereas those with
lower allelic ratio have a RR similar to FLT3 wild type (FLT3/WT) patients. Allelic ratio determination of
FLT3/ITD as means of risk-status determination has been incorporated into the current phase III COG AML
trial, where those with high ITD-AR are allocated to receive allogeneic stem cell transplant in first CR.
Underlying mechanism for allelic ratio variation was studied using SNP/CGH array, demonstrating that copy-
neutral LOH (CN-LOH) mediates the allelic variation. Expression profiling in those with CN-LOH identified
dys-regulation of genes involved in homologous recombination and DNA segregation pathway. Specific genes
are under evaluation for their role in mediating CN-LOH, which may be related to disease resistance.

Structural analysis of FLT3/ITD revealed that in all cases of ITD, amino acid residues Y591-Y597 were
duplicated. This region, which encodes the switch and zipper regions of the juxtamembrane (JM) domain of
FLT3, plays an important role in directing an optimal orientation of the autophosphorylation ‘switch’ residues
and maintaining the autoinhibited conformation. JM-ITD insertions are expected to disrupt the autoinhibited
conformation of the JM switch (JM-S) region, thus preventing proper kinase inhibition. In addition, length and
the region of the mutation impacts clinical outcome, where those with longer ITD or those ITDs that involve the
STATS binding domain (Y589/591) have a higher incidence of relapse and worse outcome.

Evaluation of FLT3 expression level in patients with FLT3/WT demonstrated significant variation in FLT3
expression where nearly 1/4™ of the patients had 20-100 fold higher FLT3 expression compared to the normal
marrow controls. High FLT3/WT expression was associated with higher relapse risk. Leukemic blasts with high
FLT3/WT expression had a higher response rate to FLT3 inhibitor Lestarutinib, suggesting that patients with
high FLT3/WT expression may respond to FLT3 inhibitors. We demonstrate a level of complexity in FLT3
structure and function not previously appreciated. Complete understanding of the underlying mechanism and
biology for FLT3 structural and expression variation would enable more appropriate therapeutic intervention.

Keywords: FLT3, Internal tandem duplication, acute myeloid leukemia
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058 Normal and Neoplastic Growth in the Brain
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Brain tumors are the most common group of solid malignancies in children, causing devastating mortality and
morbidity in a very understudied patient population. The goal of this program project is to improve
understanding and treatment of pediatric brain tumors. Project and core leaders work together to identify key
signaling pathways underlying the development of pediatric brain tumors, develop novel in vitro and in vivo
models to study these pathways in the brain, and use these models for relevant preclinical testing of new
therapeutic agents. With an initial central focus on medulloblastoma and cerebellar growth regulation, we
developed novel mouse models for this tumor and identified a common molecular fingerprint associated with
dysregulated Sonic hedgehog (Shh) signaling in mouse medulloblastoma, and in a subset of human
medulloblastomas. A small molecule inhibitor of Shh signaling eliminated medulloblastoma in mice; however,
it also caused defects in bone development in the treated animals. Based on extensive preclinical data, a Phase |
trial of a hedgehog inhibitor for children with recurrent or refractory medulloblastoma will be conducted. This
clinical trial will include biological studies to validate molecular markers that may be used to stratify patients in
future trials. Similar approaches are used in ongoing studies within the program to address a broader range of
pediatric brain tumor types including pediatric high-grade glioma, diffuse brainstem glioma, choroid plexus
carcinoma, atypical teratoid/rhabdoid tumors, and a continuing in-depth analysis of medulloblastoma. Projects
incorporate analyses of human tumors, novel mouse tumor models, tumor stem cells and micro-RNA regulation.
Additionally, mechanistic studies of key signaling pathways involving PI3-kinase, SHH, WNT, BMP and DNA
damage responses will further illuminate our understanding of brain tumorigenesis. Our integrated analyses will
identify common and unique signal transduction pathways in pediatric brain tumorigenesis, and test the efficacy
of inhibitors of these pathways in appropriate preclinical models.

Keywords: pediatric brain tumors, mouse models, signal transduction
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059 The Role of Amplification in Predicting Clinical Outcome of Patients
With Alveolar Rhabdomysarcoma

Frederic G. Barr, Fenghai Duan, Lynette M. Smith, Donna Gustafson, Mandy Pitts, Sue Hammond,
Julie M. Gastier-Foster

Department of Pathology and Laboratory Medicine, University of Pennsylvania School of Medicine; Department of
Biostatistics, College of Public Health, Nebraska Medical Center; Department of Laboratory Medicine, Nationwide
Children’s Hospital

Alveolar thabdomyosarcoma (ARMS) is an aggressive pediatric soft tissue cancer related to the skeletal muscle
lineage. The majority of ARMS tumors have a recurrent chromosomal translocation: either a 2;13 or a 1;13
translocation that generates a PAX3-FKHR or PAX7-FKHR gene fusion. Within the ARMS category, there is
clinical and genetic heterogeneity, consistent with the premise that "primary" genetic events collaborate with
"secondary" events during ARMS pathogenesis and give rise to subsets with varying clinical features. As
evidence of these secondary events, comparative genomic hybridization studies revealed that genomic
amplification occurs frequently in ARMS and localized the most common amplicons to the 12q13-q15 and 2p24
chromosomal regions. This study will focus on amplification of these regions in ARMS as potential molecular
markers for clinically relevant subsets.

To localize the 2p24 and 12q13-ql5 amplicons, we analyzed genome-wide copy number in 57 ARMS cases
using Affymetrix GeneChip Human Mapping arrays. For the 2p24 chromosomal region, an amplification event
was identified in 5 of 57 cases. The minimum region of amplification in the five cases was localized to a 0.83
Mb region, which contains two genes, DDXI and MYCN. For the 12q13-q15 region, we identified two distinct
amplification events in 9 of the 57 cases, 8 involving the 12q13.3-q14.1 region (henceforth referred to as 12q14)
and 3 involving the 12q15 region. We focused on the more common 12q14 amplification event and localized the
minimal common amplified region to a 0.55 Mb region, which contains 27 genes, including CDK4.

Based on this mapping data, we developed fluorescent in situ hybridization assays to measure copy number of
the 2p24 and 12q14 amplified regions. In the 2p24 region, amplification was detected in 17 of 126 ARMS cases
(16%). This amplification was ~8-fold higher in PAX3-FKHR- and PAX7-FKHR-positive tumors than in
fusion-negative tumors (18% and 22% vs. 2.4%, p = 0.018). In the 12q13-ql4 region, amplification was
detected in 13 of 109 ARMS cases (12%). This amplification was significantly higher in PAX3-FKHR-positive
than in PAX7-FKHR-positive (24% vs. 4%, p < 0.05) and fusion negative cases (24% vs. 0%, p = 0.0027).

In outcome analysis, 2p24 amplification was not associated with a significant difference in failure-free (p =
0.57) or overall survival (p = 0.87). In contrast, there was a statistically significant association of 12ql4
amplification in both failure-free and overall survival. In particular, in ARMS tumors with 12q14 amplification,
the hazard ratio in failure-free and overall survival was increased to 2.24 (p = 0.023) and 2.26 (p = 0.040),
respectively. Furthermore, despite the frequent occurrence of 12ql14 amplification in PAX3-FKHR-positive
tumors, which also have a poor prognosis, the outcome difference associated with 12q14 amplification persists
when the tumors are controlled for fusion status. However, in a multivariate analysis with known clinical
prognostic variables, 12q14 amplification was not yet a significant independent predictor of outcome (p = 0.19)
with the current number of test cases.

In summary, these studies have identified amplification of the 12q13.3-q14.1 chromosomal region as a novel
molecular marker of poor outcome for the pediatric cancer ARMS. Though previous studies of this amplicon in
other tumor types have focused on the CDK4 gene in this region, there are 27 genes contained within the
minimal common region of amplification in ARMS and thus multiple genes may be contributing to the action of
this amplification event.
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060 Genomic Analysis Using High-Density SNP-Based Oligonucleotide
Arrays, Sequencing and MLPA Provides a Comprehensive Analysis of
INIM/SMARCB1 in Malignant Rhabdoid Tumors

Jaclyn Biegel, Angela Sievert, Hakon Hakonarson, Alexander Judkins, Tamim Shaikh, Eric Jackson

Departments of Pediatrics, Pathology and Laboratory Medicine and Neurosurgery, The Children’s Hospital of
Philadelphia and the University of Pennsylvania School of Medicine

Malignant rhabdoid tumors (MRT) are rare, highly aggressive neoplasms found most commonly in infants and
young children. Although they may present in any location in the body, they are predominantly found in the
central nervous system and kidney, and comprise approximately 1-2% of infant brain and renal tumors. The
INI1/hSNF5/SMARCBI1/BAF47 gene in 22q11.23 has been implicated in the development of MRT. Previous
studies have suggested that approximately 75% of rhabdoid tumors have a detectable mutation/deletion of IN/1.
To date, no other mechanism has been elucidated to explain the remaining 25% of cases. In the present study,
the [llumina 550K BeadChip SNP array was used to detect copy number changes and loss of heterozygosity in
genomic DNA from 51 rhabdoid tumors (34 brain, 2 spinal cord, 8 renal, 7 extra-renal). Results were analyzed
using Beadstudio software provided by Illumina and in-house analysis tools developed to identify copy number
alterations. Forty-nine of 51 tumors had detectable aberrations involving 22q11.23, including 11 tumors with
heterozygous deletions, 24 tumors with homozygous deletions, and 14 tumors with copy number neutral loss of
heterozygosity. The majority of tumors had a variable number of other potential disease associated copy number
variations but none were consistently found across multiple patients. Several cases had complex alterations of
chromosome 22 in addition to the deletions in the 22q11.2 region. Two of 51 cases did not have detectable
abnormalities of 22q11.2 by the array analysis, however interphase FISH and/or MLPA analysis revealed
alterations of /N/] that may have been below the resolution of the array. Twenty-four of the 51 tumors had
homozygous deletions of INI1, and 27 tumors had loss of one copy of 22q11.23. Deletions or duplications of
one or more exons were identified by MLPA, and coding sequence mutations within individual exons were
identified by direct sequence analysis of PCR products. Intragenic deletions/duplications and mutations were
identified in 26 of the 27 tumors, consistent with the second inactivating event. These studies suggest that a
combination of approaches utilizing high density arrays, FISH, MLPA and /NI sequence analysis will detect
inactivating deletions and mutations of the /N/I gene in 98% of primary rhabdoid tumors. Similar approaches
have also been used to identify germline deletions and mutations in the /N/1 gene, which predispose carriers to
development of rhabdoid tumors. Evaluation of /N/! status in newly diagnosed patients is recommended to
determine eligibility for rhabdoid tumor treatment protocols, as well as for future studies aimed at elucidating
the relationship of germline versus somatic /N// alterations on clinical outcome.
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061 Del (6)(g22) and BCL6 Rearrangements Detected by Interphase
Fluorescence in-Situ Hybridization (FISH) are Unfavorable Cytogenetic
Abnormalities in Immunocompetent (IC) Patients With Primary Central
Nervous System Lymphoma (PCNSL)

Francois M. Cady, Ellen D. Remstein, Brian Patrick O’Neill, Caterina Giannini, Alyx B. Porter, Paul
A. Decker, Ahmet Dogan

Division of Hematopathology (FMC, EDR, AD) and Anatomic Pathology (CG), Department of Laboratory Medicine
and Pathology, Department of Neurology (ABP, BPO), and Biostatistics (PAD), Mayo Clinic College of Medicine;
University of lowa/Mayo Clinic Lymphoma SPORE (EDR, PJK, AD) and the Mayo SPORE in Brain Cancer (CG,
PAD, BPO)

The aim of this study is to determine the prevalence and survival impact of del (6)(q22), BCL6, immunoglobulin
heavy chain (/GH), and MYC gene rearrangements in IC PCNSL. We studied 76 HIV-negative IC PCNSL
newly diagnosed patients treated between 1992 and 2006. Median age was 63.5 years (range 26-87 years). There
were 51 deaths. Median follow-up for 25 alive patients was 399 days (range 0-2520 days). FISH used two-color
break apart probes (BAP) for BCL6 and MYC, two-color dual-fusion probes for IGH-BCL6, and two-color
probes for del(6)(q22) on thin sections of paraffin-embedded tumor samples. Survival was calculated from the
date of tissue diagnosis to date of death or date of last contact using Kaplan-Meier method. The log-rank test
was used to compare survival across groups.

31 (41%) cases did not show del (6)(q22) or BCL6 rearrangement and had a median overall survival (MS) of
731 days (d). 28 (36%) cases showed an isolated del (6)(q22) and had a MS of 412 d (p=0.0048). 17 (23%)
cases showed a BCL6 rearrangement and had a MS of 442 d (p=0.0048). Of the cases with BCL6 rearrangement,
8 (11%) showed /GH-BCLG6 fusion and the remaining 9 (12%) involved translocation to an unknown gene
partner. 2 (3%) cases showed MYC translocation to an unknown gene partner. Six cases with BCL6
rearrangement also showed del (6)(q22). A total of 34 (45%) cases showed del (6)(q22) and had a MS of 412 d
(p=0.0198).

In this study, del (6)(q22) and BCL6 rearrangements were present in 45% and 22% of cases, respectively and
were both associated with decreased survival, seemingly independent of patient age and treatment time trends.
IGH translocations were seen in only 13% of cases, which is less frequent than seen in systemic diffuse large B-
cell lymphoma, suggesting a distinct pathogenesis.

Supported by Mayo SPORE in Brain Cancer Supplement (P50 CA108961-03S1) in conjunction with the
University of lowa/Mayo Clinic Lymphoma SPORE (P50 CA97274).
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062 Molecular Diagnosis and Target-Directed Therapy in Non-Hodgkin
Lymphoma
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Non-Hodgkin Lymphoma (NHL) is very heterogeneous and the different types of NHL vary in their lineage
derivation, pathogenesis, clinical behavior and response to treatment. Even within a single diagnostic entity,
there is significant heterogeneity in survival indicating divergent activation of oncogenic pathways. We have
studied over 2,000 NHL cases to dissect and identify the molecular abnormalities affecting the different types of
lymphoma using global approaches such as gene expression profiling (GEP) and array comparative genomic
hybridization (aCGH). The goal is to provide an accurate diagnosis for each lymphoma at presentation that will
also include key abnormal oncongenic pathways so that therapy may be directed against these pathways.

In the most common type of NHL, the diffuse large B-cell lymphoma (DLBCL), we have identified 3 major
subtypes, the germinal center B-cell like (GCB), the activated B-cell Like (ABC), and the primary mediastinal
(PM)-DLBCL. They differ in their GE profiles, pattern of genetic abnormalities and clinical outcome. Notably,
the NF-xB pathway tends to be highly active in the ABC-DLBCL and we have identified mutations of the
coiled-coil domain the CARD11 gene as one of the mechanisms of NF-¢B activation. Other mechanisms may
include over-expression of MALT]1 associated with 18q21 gain/amplification and possible mutations of other
members of this pathway. Interestingly, gain/amplification affecting the microRNA cluster Mirl7-92, occurs
exclusive in the GBC-DLBCL. Increased expression of Mir17-92 down modulate PTEN and BIM1 expression
leading to enhanced AKT-1 phosphorylation that synergizes with BIM1 down regulation in antagonizing
apoptosis. In addition to these subtype-specific abnormalities we have also identified aberrations that have
negative impact on the outcome in all DLBCL such as the high expression of the angiogenesis signature, low
expression of the MHC signature and 7P53 abnormalities. In follicular lymphoma, we have demonstrated the
prominent influence of tumor/host interaction on survival. In contrast, in mantle cell lymphoma, the
proliferation signature, which may reflect the convergence of factors dysregulating the cell cycle such as
aberrant cyclin-D1 expression and loss of p16/ARF exerted control, is the dominant prognosticator.

These genome scale investigations have helped to unravel multiple oncogenic pathways in the different NHLs.
They will continue to provide fresh insight in the future, especially with the addition of high-throughput
sequencing that is particularly relevant in B-NHL, as many have aberrant ongoing somatic hypermutation and
class switch recombination.
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063 Deregulation of the Insulin-like Growth Factor Type 1 Receptor (IGF-1R)
in Transformed Follicular Lymphomas: Implications for Novel Therapy

Kojo S. J. Elenitoba-Johnson

Department of Pathology, University of Michigan Medical School

Follicular lymphoma (FL) is the most common form of low-grade non-Hodgkin lymphoma in the western
hemisphere. The vast majority of cases are incurable and transformation to diffuse large B-cell lymphoma
(DLBCL) is an important cause of death. The molecular and biologic mechanisms underlying FL transformation
are largely uncharacterized. In this study, we utilized a global quantitative proteomics approach for the
identification of differentially expressed proteins associated with follicular lymphoma transformation.

Five matched pairs of clonally identical cases of follicular lymphoma and their transformed counterparts
(DLBCL) arising in the same individual were utilized. Quantitative analysis of differentially expressed proteins
were performed by isotope-coded affinity tagging (ICAT™) followed by liquid chromatography (LC) and
tandem mass spectrometry (MS/MS). Equivalent quantities of total cell lysates obtained from the FLs and the
DLBCLs were ICAT™ labeled, and subjected to avidin affinity chromatography. Offline fractions were
collected, digested with trypsin, and analyzed by automated reverse phase nanospray LC-MS/MS.

Our proteomic studies revealed upregulation of the IGF-1R (3-5 fold) in the transformed lymphomas. Western
blot analysis using an antibody to the a-subunit of IGF-1R revealed overexpression in the transformed
lymphoma samples as compared to their preceding FL counterparts (discovery set). Similarly, IGF-1R
upregulation was demonstrated in an additional independent set of 6/7 DLBCL samples as compared to their
preceding FL counterparts. Immunohistochemical studies were performed on formalin-fixed paraffin-embedded
tissue sections of 15 matched pairs of FL and their transformed DLBCL counterparts. The neoplastic cells of FL
demonstrated negligible levels of IGF-1R whereas the in 5/15 cases, the neoplastic cells of DLBCL
demonstrated strong cytoplasmic and membranous expression of IGF-1R. We carried out studies to determine
the functional role of IGF-1R in the survival of lymphoma cells in vitro. Blocking antibodies to IGF-1R caused
a significant reduction of cell viability in all three transformed FL cell lines (SUDHL-4, OCI-LY 1, Karpas 422)
as determined by MTT assays. In contrast, antibodies against EGFR, EphA and Frizzled 8 protein did not affect
the cell viability of any of the transformed FL cell lines, indicating specificity. Furthermore, knockdown of IGF-
1R expression in SUDHL-4 cells by RNA interference resulted in significant reduction in cell viability whereas
the control “scramble” siRNA or EGFR siRNA did not have an effect. Cell cycle analysis of the IGF-1R siRNA
transfected cells indicated an increase in cells undergoing apoptosis relative to control cells. We utilized a
synthetic tyrphostin compound (AG1024) which selectively inhibits the IGF-1R tyrosine kinase activity to
determine the effects of pharmacologic inhibition of IGF-1R on the viability of transformed FL cells. Inhibition
of IGF-1R resulted in inhibition of cell viability with ICso of 22uM.

This study, for the first time, reveals the role of deregulated expression of IGF-1R in transformed FL and
provides a rational basis for the use of IGF-1R blocking agents in the therapy of these neoplasms.
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064 Histiocytic/dendritic Sarcomas Clonally Related to Follicular
Lymphoma: Evidence for Lineage Plasticity in Mature Human B-Cells
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Raffeld, Elaine S. Jaffe
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Barcelona, Spain

Studies in the hematopatholgy section, LP, CCR, can be characterized as Bedside to Bench, in which novel
observations made in the clinical setting are translated to the laboratory, and lead to novel insights regarding the
pathogenesis of lymphomas. As an example, we have observed rare cases of histiocytic and dendritic cell
neoplasms (H/DC) in patients with follicular lymphoma (FL). We studied eight patients with both FL and H/DC
neoplasms using immunohistochemistry, fluorescence in situ hybridization (FISH) for t(14;18), and PCR &
sequencing of BCL2 and IgH rearrangements.There were 5 men and 3 women (median age, 59y).All cases of
FL were positive for t(14;18). Five H/DC tumors were metachronous, following FL by 2 mos to 12 yrs; tumors
were synchronous in 3/8 patients. All 7 of the H/DC tumors tested showed the t(14;18) by FISH. In the 8" case
the BCL2/JH was confirmed by PCR. PCR for IgH gene rearrangement and the BCL2/JH translocation and
sequencing identified identical IgH gene rearrangements or BCL2 gene breakpoints in all patients tested. All
H/DC tumors lacked PAXS5 and upregulation of CEBPf and PU.1 was seen in all cases tested. These results
provide evidence for a common clonal origin of FL. and H/DC neoplasms when occurring in the same patient.
Moreover, they provide evidence for transdifferentiation of the FL B-cell clone, possibly without an
intermediate step associated with de-differentiation. This report is the first to document lineage plasticity in a
mature human B-cell system, and indicates that lineage plasticity is not restricted to immature hematopoietic
neoplasms. As previously shown by others in murine systems, the loss of PAXS5 appears to be a critical event in
alteration of the B-cell program.

Keywords: lymphoma, lineage plasticity, transcription factors
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065 Gene Module Regulatory Network Analysis Reveals Stem-Cell Signature
in Follicular Lymphoma Transformation
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The transformation of follicular lymphoma (FL) to diffuse large B cell lymphoma (DLBCL) is associated with
drastically worse prognosis. Mechanisms underlying transformation are poorly understood, and implicate
multiple molecular pathways. To better understand the transformation process for targeted therapy, we
constructed a gene module regulatory network from microarray data on clinical samples of FL before and after
transformation to DLBCL. Gene modules that significantly discriminate between FL. and DLBCL were
identified by supervised classification; in addition, genes modules were identified that discriminate FL that are
known to transform from FL that do not transform. A network of regulatory gene modules was constructed with
a directed edge between pairs of modules if a gene in one module served as a regulator of the other module.

The complete gene regulatory network includes modules that are highly enriched for genes involved in cell
cycle progression (False Discovery Rate, FDR=1.2x10-31), proliferation (FDR=2.4x10-25), cellular
differentiation (FDR=3.1x10-17), and ribosomal protein activity (FDR=2.8x10-11). Other prominent modules
are associated with: immune system function including; T-cell activation and receptor signaling (FDR=9.4x10-
10), B-cell development and differentiation (FDR=3.3x10-12), and inflammatory response (FDR=9x10-12);
components of the proteasome (FDR=9.3x10-5), hypoxia signaling (FDR=2.5x10-9), and mitochondrial
function/oxidative phosphorylation (FDR=4.1x10-6). Known aspects of FL/DLBCL transformation, such as
changes attributable to infiltrating T-cell populations were identified and served as internal validation.

The transformation of FL to DLBCL demonstrates changes in cellular differentiation states, proliferative drive,
deregulation of mitochondrial function, and increased proteasome activity impacting the cell cycle. Specific
modules of genes up-regulated in DLBCL included several related to “stem-cell”-like signatures. These modules
were also able to classify subtypes of de novo DLBCL in independent datasets. We find that Pax5 may be a
critical factor in transformation of FL; in addition, Bortezamib (a proteasome inhibitor) and Ecteinascidin-743
may be effective agents for FL and transformed DLBCL

Keywords: follicular lymphoma, gene regulatory network, gene expression microarrays
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066 The Myeloproliferative Disorders Research Consortium (MPD-RC)
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Pahl, Josef T. Prchal, Lewis Silverman, Jerry Spivak, Rona Weinberg
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The Myeloproliferative Disorders Research Consortium (MPD-RC) focuses on the Philadelphia (Ph)
chromosome negative MPD including polycythemia vera (PV), and idiopathic myelofibrosis (IM). The goals for
the MPD-RC include: 1) Establishment of a multi-institutional international research group entitled the “MPD
Research Consortium” which coordinates basic and clinical research dealing with the cellular and genetic
foundations of the Ph negative MPD. 2) Establishment of a multi-institutional MPD Clinical Consortium which
enables uniform, high volume sample collection, storage and distribution. 3) Performance of rationally designed
clinical trials in patients with Ph negative MPD at multiple institutions. 4) Maintenance of an interactive web
site for MPD Consortium investigators, a sophisticated international tissue bank and an online database which
allows for integration of basic and clinical research. This unique interactive relationship between talented basic
researchers and clinical scientists has permitted the MPD Research Consortium to develop novel clinical
treatment programs for Ph negative MPD and to identify specific biomarkers that are useful as indicators of
therapeutic response and/or risk reduction. The program has six major projects: Project 1: Genetic Basis of
Polycythemia Vera; Project 2: Mechanisms and Effects of NF-E2 and PRV-1 Overexpression in PV: Role of
Jak2V617F; Project 3: Animal Models of Polycythemia Vera; Project 4: Mouse Models of Myelofibrosis;
Project 5: Abnormal Stem Cell Trafficking in Myelofibrosis; Project 6: MPD Clinical Consortium which
pursues clinical trials in PV and IM. The six projects are supported by three cores: Core A: Administrative Core;
Core B: Biostatistics and Data Management; and Core C: Tissue Bank. These unique interactions between
clinical and laboratory investigators which are interwoven within the MPD Research Consortium have lead to an
improved understanding of the pathobiology of the Ph negative MPD as well improved strategies which assist in
the diagnosis and treatment of these disorders.

Keywords: Philadelphia (Ph) chromosome negative, polycythemia vera (PV), idiopathic
myelofibrosis (IM)
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Multiple myeloma (MM) is an incurable malignancy of plasma cells that evolves from clinically benign
precursor conditions, including the premalignant condition monoclonal gammopathy of undetermined
significance (MGUS) and an asymptomatic stage called smoldering MM (SMM). The progression from MGUS
to SMM and overt, full-blown MM is quite variable. The reason(s) why some patients progress whereas others
live out their lives without ever developing MM remains an important clinical question. The overall goal of our
program is to elucidate the causes of progression from MGUS — SMM — MM —[1 relapsed MM to learn how
best to clinically approach each stage of the disease. Our program consists of three projects, a cell and sera
collection core, a statistics core, and an administrative core. A major strength of our program is our unparalleled
access to primary patient cells and sera from patients with monoclonal gammopathies and our ability to leverage
this material toward a better understanding of disease. The cell and sera core began functioning in 1978 and has
steadily increased material available for investigation. For example, over the past 12 months, the core collected
bone marrow samples from the following patient groups: 45 MGUS, 24 asymptomatic MM, 168 active MM, 70
amyloidosis, 11 macroglobulinemia, and 9 POEMS syndrome. Cells and sera are distributed to a large number
of investigators at Mayo, including those leading scientific projects in the program project. In Project 1, Dr.
Rajkumar focuses on identifying predictors of progression permitting definition of a subset of MGUS patients
with a risk of progression high enough to warrant intervention. In this regard, he has recently demonstrated that
the serum free light ratio is a major predictor of outcome in myeloma. He is also performing a family study
assessment to determine the prevalence of MGUS in relatives of patients with myeloma and to that end; over
350 patients have already been accrued to this study. The statistics core plays a major role in these
epidemiological studies of the monoclonal gammopathies. Lastly, this project also studies the risk of progression
from SMM to MM and aims to identify predictors of progression. Dr. Rajkumar recently published a major
study of the natural history of SMM and among other factors; levels of serum free light chains were also shown
to correlate well with progression. In Project 2, Dr. Jelinek studies mechanisms of myeloma cell growth control
with a particular interest in better understanding intraclonal heterogeneity, a hallmark feature of the monoclonal
gammopathies. Taking advantage of the rich primary patient resources, her laboratory has had continued success
in establishing new models in which to study malignant plasma cell growth and intratumor heterogeneity. She
has recently published the establishment and characterization of new cell lines established from the same patient
at different stages of disease. Of interest, the patient from which the lines were derived was first diagnosed with
primary amyloidosis and then progressed to active myeloma after receiving a stem cell transplant. The two lines
together provide an interesting means to study specific events associated with disease progression and also
provide the first cell lines known to naturally secrete amyloidogenic light chains. Studies are underway to better
understand cellular subsets present in both lines with a primary focus directed toward a better understanding of
the biological and genetic features of the cells with extended self-renewal activity. In Project 3, Dr. Fonseca has
a major interest in genetic abnormalities in the monoclonal gammopathies including achieving a better
understanding of hyperdiploid and non-hyperdiploid MM and MGUS. Of interest, his group has shown that the
overall ploidy category in MM is stable over time. He has also used extensive gene expression profiling to
determine whether the hyperdiploid variant of MM can be further categorized into other genetic subtypes. This
work has led to the identification of a subgroup of patients displaying an NF-kB signature. Information of this
nature is vital to identification of new therapeutic strategies that may be effective in this disease. Collectively,
our program project continues to be successful in further elucidating the pathophysiology of the monoclonal
gammopathies. We believe that these results will ultimately translate into improved and novel therapeutic
strategies. Supported by the National Institutes of Health CA062242.
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Ependymoma is a central nervous system tumor that affects 170 children per year in North America and carries
a discouraging 5-year disease-free survival rate of only 50-60%. The pathogenesis of ependymoma remains
poorly defined, and the question of whether anaplastic histology correlates with decreased survival has been
controversial in recent retrospective studies. Extent of surgical resection is the only universally accepted
prognostic factor. Because of the poor prognosis and the complexity of outcome prediction in ependymoma,
clinicians urgently need reliable prognostic markers.

The studies described here were performed as preliminary investigations for the Children’s Oncology Group
(COG) ependymoma trial ACNS-0121. This trial is the single largest investigation ever undertaken of the
genetic bases, treatment alternatives, and clinical outcomes for pediatric intracranial ependymoma. One of the
objectives of the COG trial is to identify prognostic and predictive markers for ependymoma by genomic
profiling. To meet these objectives, the trial was designed with parallel clinical and biological components. This
implementation, in the context of a prospective clinical trial, is ideal for the identification and validation of
genetic markers for prognostic and predictive purposes, since clinical outcome and prognosis are therapy-
dependent.

In a pilot study using BAC array CGH on 61 cases of intracranial ependymomas, we were able to demonstrate
that the location of these tumors (supratentorial vs infratentorial) could be correctly classified based on their
genomic abnormalities. In a parallel study using gene expression profiling on 28 cases of intracranial
ependymomas, we demonstrated that pediatric intracranial ependymomas can be classified on the molecular
level based on both tumor location and histologic grade. We have identified a set of 43 genes that accurately
distinguish low-grade (“differentiated”) from high-grade (“anaplastic”’) ependymomas. In addition, we have
correlated the gene expression profiles with clinical variables such as patient outcome. Our preliminary studies
showed that high expression of ASPM in anaplastic cases exhibits a statistically significant correlation (p<0.05)
with decreased event-free survival (EFS). These data supply molecular evidence to support the hypothesis that
histologic grade correlates with clinical outcome, and they also provide the foundation for an emerging genomic
classification system for ependymoma.

The ACNS0121 study has recently been closed after meeting its accrual goal earlier this year. There were a total
of 301 cases with tissues submitted for the genomic study, 17 of which were subsequently declared ineligible
after central pathology review. Of the remaining 284 cases, 135 (47.5%) had frozen tissues submitted which will
be used for validation of the expression signatures identified in our pilot study. The cases with formalin-fixed,
paraffin-embedded (FFPE) tissues will be combined with the remaining frozen tissues in an array CGH study
using high density SNP array to complement the expression profiling studies. The expression and CGH results
will be integrated in the final analysis and the development of a molecular classification of ependymoma.

Keywords: ependymoma, array CGH profiling, expression profiling
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06 Assessment of in Vivo Target Inhibition Through the Use of a Plasma
Inhibitory Activity (PIA) Assay.

Mark Levis

University of Texas M. D. Anderson Cancer Center

Kinase inhibitors represent a rapidly expanding class of anti-cancer therapeutics. Their clinical efficacy is
dependent upon sustained inhibition of the targeted kinase in vivo. Establishing the degree of in vivo inhibition,
therefore, is a technically challenging but crucial aspect of early phase trials of these agents. We have developed
a simple, accurate, and reproducible assay for the quantitative determination of in vivo target inhibition by small
molecule FLT3 inhibitors. This assay, referred to as the plasma inhibitory activity (PIA) assay, quantifies the
amount of FLT3 inhibition induced in a FLT3-expressing cell line incubated with plasma from patients treated
with FLT3 inhibitors. The degree of FLT3 inhibition in the PIA assay correlates closely with the actual
inhibition determined from direct assay of phosphorylated FLT3 in the circulating leukemia cells from treated
patients. This assay allows for quantitative, real-time assessment of target inhibition over multiple time points in
patients enrolled on clinical trials of these agents. It complements conventional pharmacokinetics because it
measures the biologic activity of a compound, rather than just the concentrations of parent drug and metabolites.
This allows for greater confidence in the selection of an optimal dose for phase II studies. Finally, the assay is
applicable to any small molecule targeted agent for which a target can be assessed in a cell-based model system.
We are currently using this assay to establish the efficacy of in vivo target inhibition in 5 ongoing clinical trials
of FLT3 inhibitors. The PIA results from these trials will be presented both as a demonstration of the utility of
this assay technique as well as to provide an update on the relative in vivo potency of different FLT3 inhibitors
currently being investigated.

Keywords: AML, Kinase, FLT3
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070 Whole Genome Sequencing of an Acute Myeloid Leukemia Genome with
Normal Cytogenetics

Timothy J. Ley"?, Elaine R. Mardis®, Peter Westervelt', Michael H. Tomasson', Mark Watson??,
William D. Shannon’, Rakesh Nagarajan?, Matthew J. Walter’, Daniel C. Link', Timothy A.
Graubert', John F. DiPersio', Richard K. Wilson®

1Department of Medicine, 2Pathology and Immunology, *The Genome Center at Washington University,
Washington University School of Medicine

For most patients with a sporadic presentation of acute myeloid leukemia (AML), neither the initiating nor the
progression mutations responsible for disease are known. Recent attempts to identify key mutations with
directed sequencing approaches, or with array-based genomic studies, have had limited success, suggesting that
unbiased whole genome sequencing approaches may be required to identify most of the mutations responsible
for AML pathogenesis. Until recently, whole genome sequencing has been impractical due to the high cost of
conventional capillary-based sequencing, and the large numbers of enriched primary tumors cells required to
yield the necessary genomic DNA for library preparation. “Next Generation” sequencing approaches have
changed this landscape dramatically. Using the Solexa/Illumina platform, we have now sequenced the genomic
DNA of highly enriched tumor cells and normal skin cells obtained from a carefully selected patient with a
typical presentation of FAB M1 AML. We obtained 98.2 billion bases of sequences from the cytogenetically
normal tumor cell genome (32.7 fold haploid coverage), and 41.8 billion bases of sequence from the normal skin
genome (13.9 fold coverage). Using these data, we detected diploid sequence coverage of 91.2% of 46,494
heterozygous SNPs defined in the tumor genome (by array-based genotyping) and 82.6% diploid coverage of
the skin genome. Of 2,647,695 well-supported single nucleotide variants detected in the tumor genome,
2,588,486 (97.7%) were also detected in the patient’s skin genome, defining them as inherited. Of the 59,209
tumor-specific variants, 29,761 were novel (i.e., not in dbSNP or the Watson/Venter genomes). We focused on
the 171 predicted non-synonymous changes in the coding region of genes, since their potential biological
consequences are the easiest to understand and they provide the shortest path to clinical translation. Using
traditional capillary sequencing chemistry, we confirmed eight novel heterozygous somatic mutations in this
patient’s tumor sample. We also detected somatic mutations in the FLT3 (ITD) and NPM1 genes (a classic
NPMc mutation). None of the eight novel mutations identified thus far have previously been detected in AML
cases (and none were found in any of 187 additional AML cases studied here). Based on deep readcount data
(454/FLX), we determined that all of these mutations (except FLT3) were present in virtually all tumor cells at
presentation, and again at relapse 11 months later, suggesting that the patient had a single dominant clone
containing all of the mutations. A number of additional potential somatic mutations in regions lying near genes
(but not altering coding sequences) are currently being validated and tested for recurrence in other AML
samples. Whole genome sequencing of a second M1 AML genome is now underway. These results demonstrate
the power of unbiased whole genome sequencing approaches to discover cancer-associated mutations in novel
candidate genes.

Keywords: acute myeloid leukemia, Next-generation DNA sequencing, molecular genetics
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071 Frequency of Mitochondrial DNA and Hemochromatosis Gene Mutations
in Survivors of Pediatric Acute Lymphoblastic Leukemia at Risk for
Anthracycline-Cardiotoxicity

Steven E. Lipshultz', Rebecca E. Scull¥1, Vernon E. Walker?, Tracie L. Miller',Salina Torres®, Stuart
R. Lipsitz*, E. John Orav®, Jeffery Kutok®,Lewis B. Silverman®, Stephen E. Sallan®.

1Department of Pediatrics, University of Miami Miller School of Medicine; 2Biomosaics; 3University of New Mexico;
4Brigham and Women’s Hospital, Harvard Medical School; 5Department of Pathology, Brigham and Women’s
Hospital, Harvard Medical School; 6Department of Pediatric Oncology, Dana-Farber Cancer Institute

The cardiovascular health of long-term survivors of childhood cancer is particularly compromised following
anthracycline chemotherapy. Congestive heart failure, coronary artery disease and cerebrovascular accidents are
each significantly more common among childhood cancer survivors than the general populations.

Animal models and preliminary evidence implicate anthracycline-iron complexes and mitochondrial
dysfunction related to free-radical activity in anthracycline-related cardiomyocyte damage. In the current study,
we sought to extend understanding of anthracycline-related cardiotoxicity through a translational study of
mitochondrial DNA (mtDNA) and hemochromatosis gene (HFE) mutations and cardiovascular risk among a
well-described group of long-term survivors of high-risk childhood acute lymphoblastic leukemia (ALL). We
also examined whether dexrazoxane (a cardioprotective free-radical scavenger) reduced the frequency of
mtDNA mutations. Participants were enrolled 4 or more years post high-dose (300 mg/m?) doxorubicin
treatment. We quantitatively assessed the frequency of mtDNA mutations in peripheral blood mononuclear cells
via denaturing gradient gel electrophoresis (DGGE). To detect the most common mutations in hereditary
hemochromatosis (cysteine to tyrosine at amino acid position 282 (C282Y), the histidine to aspartic acid at
amino acid position 63 (H63D)) or the serine to cysteine at amino acid position 65 (S65C), we directly
sequenced genomic DNA using a commercial clinically validated kit available from Biotage Inc (PyroMark
HFE Cat#40-0053) run on a Pyrosequencer instrument (PSQ HS 96, Biotage Inc). Serial echocardiography and
biomarker serology (proBNP, hsCRP, serum lipids and homocysteine) assessed cardiac function.

Preliminary results suggest that the rate of mtDNA mutations and rare polymorphisms is significantly more
common among survivors of childhood leukemia than is expected based on results from healthy children (> 1
sequence variant: 22/62 LTS vs.7/56 healthy newborns, p = 0.0025). Dexrazoxane did not appear to reduce
sequence variant frequency. The frequency of HFE mutations is similar to the general population; 10% of
patients screened to date are heterozygous for a HFE C282Y mutation (~6-9.5% allelic frequency), 18% are
heterozygous for a H63D mutations (~13.5% allelic frequency), and 3% are heterozygous for a HFE S65C
mutation. Two homozygotes and 1 compound heterozygote have also been identified. Cardiac assessment is
ongoing.

Keywords: doxorubicin, cardiotoxicity, acute lymphoblastic leukemia
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072 Silvestrol: A Novel B-Cell Selective Agent for Potential Use in
Leukemias and Lymphomas

David M. Lucas’, Ryan B. Edwards', Gerard Lozanski?, Derek A. West', Bao-Ning Su®, Amy J.
Johnson', Virginia Goettl", Jungook D. Shin’, Thomas S. Lin', Amy Lehman*, Xiaoli Zhang®, David J.
Newman?®, John C. Byrd"*, A. Douglas Kinghorn®, Michael R. Grever'

1Department of Internal Medicine, 2Department of Pathology, 3College of Pharmacy, 4Center for Biostatistics, The
Ohio State University; and SNatural Products Branch, National Cancer Institute

Therapeutic options for advanced B-cell malignancies including acute lymphoblastic leukemia (ALL) and
chronic lymphocytic leukemia (CLL) are limited. Furthermore, currently available treatments can deplete T
lymphocytes, resulting in life-threatening opportunistic infections. Agents with novel mechanisms of action and
B-lymphocyte selectivity are needed in both diseases. The structurally unique natural product silvestrol was
identified through an NCI National Cooperative Drug Discovery Group (Kinghorn, PI). In the NCI 60-cell line
screen, silvestrol produces a unique pattern of cytotoxicity suggesting unusual mechanism and efficacy in
leukemia. Using primary human leukemia cells, established leukemic cell lines, and animal models, we assessed
silvestrol for its potential as a B-cell selective anti-cancer therapy. In CLL patient tumor cells, the silvestrol LCsy
(concentration lethal to 50%) is 6.5 nM at 72 hours. At this concentration, there is no difference in silvestrol
sensitivity of tumor cells from CLL patients with or without the 17p13.1 chromosomal deletion (p53 site). In
isolated cells and in whole blood, both from healthy volunteers and CLL patients, silvestrol is significantly more
cytotoxic toward B cells than T cells. Silvestrol causes early reduction in the anti-apoptotic protein Mcl-1 due to
translational inhibition with subsequent caspase-independent loss in mitochondrial membrane potential. /n vivo,
silvestrol causes significant B cell reduction relative to T cells in Tcl-1 transgenic mice, and extends survival of
697-SCID mice without discernable toxicity. These data indicate silvestrol has unusual potency and B-cell
selectivity both in vitro and in vivo, and support its development for B-cell malignancies. Due in part to these
findings, silvestrol is now undergoing preclinical evaluation by the by the NCI Developmental Therapeutics
Program’s Drug Development Group at the Stage I1A level.

Keywords: leukemia, drug development, natural product
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073 Biomarkers for Risk and Target Identifications in Pediatric AML

Soheil Meshinchi, Todd A. Alonzo, Alan S. Gamis, Franklin O. Smith, Michael R. Loken, Greqory H.
Reaman

National Childhood Cancer Foundation

The Children's Oncology Group (COG) is an international clinical trials cooperative group supported by the
National Cancer Institute with the unique ability to enroll nearly all pediatric patients in North America as well
as those in Australia, New Zealand and select European countries in its clinical trials, resulting in standard of
care through state of the art treatments for children with cancer. As part of efforts to optimize outcome in
children with acute myeloid leukemia (AML,) COG Myeloid Disease Committee has adopted a risk-based
therapy in AML in order to decrease relapse in high-risk patients and minimize toxicity in those expected to
have a more favorable outcome. Identification of biomarkers for risk and therapeutic target identification has
been incorporated into COG AML phase 111 trials. As part of these efforts, FLT3/ITD with high allelic ratio
(high ITD-AR) has been identified as a marker of high-risk disease in AML and validated in an independent
European pediatric trial (DCOG). As a result, high ITD-AR has been incorporated as a clinical risk factor in the
current COG phase III AML trial, where those with high ITD-AR will be allocated to receive allogeneic stem
cell transplant in first CR, with plans to incorporate FLT3 inhibitors into their therapy following current
feasibility testing. Comprehensive molecular profiling for the purpose of risk and target identification is
underway, including CEBPA, NPM, WT1, MLL/PTD, as well as RAS and RAF gene alterations. We have
demonstrated that those with CEBPA mutations have lower relapse risk and improved outcome. We are
validating these findings in the current trial (AAMLO0531) and will incorporate this risk factor in the next phase
M1 trial (COG AAML0931).

Further efforts are being focused on post induction evaluation of response to therapy as a means of risk
identification. Recent data generated as part of COG AAMLO3P1 validated the role of next generation
multidimensional flow cytometry (MDF) based MRD in identification of those in morphologic remission who
remain at high risk of relapse. As an integrated aim in the current trial, we will optimize the utility of MDF
(threshold, time point, etc) to identify patients in morphologic remission with minimal residual disease (MRD)
who are at high risk of relapse. Additional efforts are underway for evaluation of molecular MRD in those with
specific cytogenetic markers, including t(8;21), inv(16) and t(9;11). MDF based MRD will be merged with
molecular MRD, cytogenetic profiles and mutational profile and will be collectively assessed in order to define
the most accurate risk profile for the largest number of patients. The data generated will be used for risk
identification as part of risk-based therapy in the next phase III trial.

Keywords: molecular genetics, risk adjusted therapy/pronostic classification, molecularly targeted
therapy
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074 Ad-sTRAIL, an Adenoviral Construct Expressing Soluble TRAIL,
Improves Survival in a Bioluminescence Imageable Intracranial
Xenograft Model and an ex-Vivo Model Of Malignant Glioma

Vinay K. Puduvalli

University of Texas M. D. Anderson Cancer Center

Malignant cells exhibit resistance to apoptosis and selective activation of pro-survival pathways that enable
them to proliferate and survive in adverse conditions. However, many malignancies express receptors to
Apo2L/TRAIL (TNF-a related apoptosis inducing ligand), a death inducing ligand that selectively induces
apoptosis in tumor cells. Being a soluble ligand, TRAIL may potentially be a suitable agent for therapy of
locoregional tumors such as malignant gliomas. We have previously demonstrated that TRAIL can robustly
induce apoptosis in glioma cells and can interact with the Akt-mediated survival pathway.

In this study, we generated an adenoviral construct that expresses the soluble extracellular portion of TRAIL
(Ad-sTRAIL) and tested its in vitro activity and in vivo activity. We also tested the in vivo effects of this agent
against an intracranial glioma xenograft model in nude mice using U251HF and SNB19 glioma cells stably
transfected with luciferase allowing bioluminescent imaging of tumor growth with intratumoral Ad-sTRAIL
injections given twice weekly for 4 weeks with injection of Ad-EGFP and PBS as controls. Tumors formed by
SNB19 and U251HF cells displayed characteristics of human high grade gliomas including high cellularity,
pleomorphism, vascular proliferation and necrosis. Ad-sTRAIL and Ad-EGFP treated tumors showed
adenoviral hexon protein expression. Tumors treated with Ad-sTRAIL, but not Ad-EGFP or PBS, showed
caspase 3 activation and TUNEL positivity by immunohistochemical staining indicating selective induction of
apoptosis by the agent. Bioluminescent imaging at days 7, 14, 21 and 28 demonstrated unrestricted growth of
tumors in the PBS and Ad-EGFP treated animals but strong inhibition of tumor growth in the Ad-sTRAIL
treated tumors. Ad-sTRAIL treated animals also showed prolonged overall survival compared with control
animals suggesting that this agent has potential for clinical activity against malignant gliomas.

To further examine these effects in human tissue, we developed a human glioblastoma ex-vivo organotypic slice
culture model; Upon treatment with Ad-sTRAIL, human glioma slices showed induction of apoptosis and
caspase activation. In addition, we studied the effect of inhibition of XIAP, a potent inhibtor of death receptor
mediated apoptosis, on TRAIL sensitivity in the U251HF intracranial glioma model. Intratumoral treatment with
Ad-XAF]1 (expressing XAF1 which binds and inhibits XIAP inhibitor) prior to treatment with Ads-TRAIL,
resulted not only in durable tumor responses but also significantly improved survival compared with Ads-
TRAIL alone. Our results suggest that additional studies of Ad-sTRAIL, in combination with strategies
overcoming potential resistance mechanisms of death receptor induced apoptosis, against malignant gliomas are
warranted to fully explore its potential as a therapeutic agent.

Keywords: apoptosis, TRAIL, glioma
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075 Development and Validation of a Highly Accurate Classifier for CTCL
Using Microarrays and Q-RT-PCR

Alain H. Rook?, Michael Nebozhyn®, Laszlo Kari*, Calen Nichols', 1Ellen Kim?, Maria Wysocka® Malik
Yousef', Michael K.Showe', Louise C. Showe'

' The Wistar Institute; Department of Dermatology, The University of Pennsylvania School of Medicine;
® Rosetta Inpharmatics LLC

Primary Cutaneous T-cell Lymphomas (CTCLs) are a heterogeneous group of non-Hodgkin’s lymphomas,
characterized by the clonal proliferation of malignant, skin-invasive CD4" helper T-cells with Mycosis
Fungoides (MF) and Sézary Syndrome (SS) being the most commonly occurring CTCL subtypes. MF can
slowly progress to an advanced stage that can include the development of multiple tumors, erythroderma, blood
and/or organ involvement. SS the leukemic, aggressive form of the disease is characterized by acute
erythroderma, circulating malignant T-cells with cerebriform nuclei and a median survival time of 2 to 4 years.
These patients are characteristically resistant to conventional chemotherapy. Our initial studies focused on SS
patients.

When gene expression data for patients with high blood tumor burden (Sezary cells>60% of the lymphocytes)
and Th2 skewed PBMC controls were compared, 385 genes were found to be differentially expressed at p<.01
with a False Discovery rate (FDR) of 8% and an accuracy >95%. Highly over expressed genes included Th2 T-
cell-specific transcription factors Gata-3 and Jun B, as well as integrin 31, proteoglycan 2, the RhoB oncogene,
and dual specificity phosphatase 1, supporting the Th2 character of SS cell. Highly underexpressed genes
included CD26, Stat-4, and the IL-1 receptors. We had previously shown that Stat 4 was underrepresented in
these patients [1] and the microarray studies confirmed the effect on the transcriptional level in an expanded
patient group. We also identified a new CTCL marker Plastin-T (PLS-3), not normally expressed in lymphoid
cells, which is single gene marker for CTCL diagnosis that is informative for approximately 75% of patients
tested. Using penalized discriminant analysis (PDA), we identified a panel of eight genes developed on the high
tumor burden patients that also distinguished 27 SS in patients some with as few as 5% circulating malignant T-
cells, the threshold for pathological diagnosis, from 14 controls with 100% accuracy. This suggests that, even in
early disease, Sezary cells produce chemokines and cytokines that induce an expression profile in the peripheral
blood, including normal lymphocytes, that is specific to SS. Finally, we demonstrated that a panel of 10 genes
identified a class of patients who succumbed within six months of sampling that was independent of their tumor
burden [2].

We further validated the microarray findings on new samples using a quantitative real-time polymerase chain
reaction (QRT-PCR) assay. Expression values for just 5 of those genes, STAT4, GATA-3, PLS3, CD1d and
TRAIL determined using QRT-PCR data from PBMC accurately classified 88% of 17 patients with high blood
tumor burden and 100% of 12 healthy controls in the training set using Fisher Linear Discriminant Analysis
(FLDA). The same 5 genes were then assayed on 56 new samples from 49 SS patients with blood tumor burdens
0f 5-99% and 69 samples from 65 new healthy controls. The samples were derived from 4 different locations.
The average accuracy in the independent validation set over 1000 re-samplings was 90% using FLDA and 88%
using Support Vector Machine (SVM).Including PLS3 positivity brought the accuracy to 96%. We also tested
the 5 gene PCR classifier on 14 samples from MF patients with no detectable peripheral blood involvement and
3 patients with Atopic Dermatitis (a Th2 disease) with severe erythroderma. They were classified as non-SS
patients with 100% accuracy [3]. This 5 gene signature is being monitored in CTCL patients in clinical trials at
NCI and the University of Pennsylvania with the HDAC inhibitor Romodepsin to develop a quantitative
assessment of response to therapy.

References: 1. Showe, L.C., et al., ] Immunol, 1999. 163(7): p. 4073-9. 2. Kari, L., et al., J] Exp Med, 2003.
197(11): p. 1477-88. 3. Nebozhyn, M., et al., Blood, 2006. 107(8): p. 3189-96.
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076 Biology and Therapy of High-Risk Neuroblastoma
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Randall Hawkins, Hiroyuki Shimada, Rex Moats, Susan Groshen, Shahab Asgharzadeh

Departments of Pediatrics, Pathology/Laboratory Medicine, and Radiology Childrens Hospital Los Angeles and
Keck School of Medicine, University of Southern California; Departments of Pediatrics and Radiology, UCSF

Neuroblastoma is the most common extra cranial solid tumor of childhood, and 45% of patients have aggressive
tumors, most of which are metastatic (stage 4) when diagnosed. Previous studies have demonstrated that both
intensive cytotoxic therapy with autologous hematopoietic progenitor cell transplant and post-transplant 13-cis-
retinoic acid improve outcome. For example, in the recently completed Children’s Oncology Group (COG)
A3973 study, 49% of patients were event-free survivors and 73% were surviving two years after diagnosis.
However, the limit of host tolerance for intensive, non-targeted cytotoxic therapy likely has been reached. The
overall hypothesis of our Program Project Grant (5 PO1 CA81403-09) is that improved survival requires an
understanding of the biology of tumor cells, host cells, and of their interactions and the development of therapies
that target pathways that are critically important for neuroblastoma growth. The aims of the Projects in this PPG
are to integrate biologic and preclinical therapeutic research with early phase clinical trials. Project 1: The tumor
microenvironment is investigated with emphasis on tumor cell, bone marrow mesenchymal cell, and osteoclast
interactions in bone metastasis. Neuroblastoma cells were shown to produce galectin-3 binding protein, which
induces mesenchymal cells to secrete IL-6, which, in turn, activates osteoclasts that enhance formation of bone
metastasis. A bisphosphonate, zoledronic acid, markedly inhibits osteoclast activity and bone invasion by tumor
cells, and this agent was tested for the first time in children by our New Approaches to Neuroblastoma Therapy
(NANT) consortium. Project 2: Natural killer (NK) cells alone and with an anti-disialoganglioside antibody
(anti-GD2 mADb) were shown to kill drug-sensitive and -resistant neuroblastoma cell lines in vitro. Using
neuroblastoma metastatic models in NOD/SCID mice, NK + mAb therapy, if initiated before metastases are
detectible by bioluminescent imaging, can cure 65% of mice (minimal residual disease model). However, when
disease is detectible, immunotherapy, although increasing survival time, is most effective if combined with other
agents (bolus and metronomic cyclophosphamide, bevacizumab, zoledronic acid). Some stage 4 MYCN non-
amplified tumors from patients were found to have high levels of gene expression representing
immune/inflammatory cells (B cells, macrophages) and cytokines (IL-6, IL-10, TGFf1), which correlated with
<20% progression-free survival. The effects of such a tumor promoting microenvironment on NK + mAb
cytotoxicity are being determined. Project 3: The cytotoxic retinoid, fenretinide was shown to increase ceramide
induction and tumor cell death. Agents that synergize with fenretinide to further enhance ceramide mediated
cytotoxicity have been identified based upon ceramide pathway analyses. A new oral liquid formulation of
fenretinide that was developed in collaboration with the NCI RAID program was tested by the NANT
consortium and is superior to an earlier capsule formulation with respect to obtaining potentially effective drug
levels. Project 4: New strategies targeting tumor and/or normal microenvironment cells are tested in phase I and
II trials by the NANT consortium (Www.nant.org), which includes 14 pediatric oncology institutions across the
US and in Canada and which accrues 55 patients annually. Fourteen clinical trials have been opened through
2007 with four being completed and eight currently active. Approaches that are promising are moved forward in
the clinical trial pipeline. For example, targeted radiation from '*'I-metaiodobenzylguanidine (MIBG) combined
with high dose chemotherapy has been tested in phase I and II trials by the NANT and is now being developed
for newly diagnosed patients by the COG. In summary, a continuum of integrated pre-clinical and early phase
clinical research is providing new insights and therapeutic strategies for achieving our ultimate goal of
improving survival for children with high-risk neuroblastoma.
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077 DNA Methylation as Biomarkers in Non-Hodgkin's Lymphoma
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Beyond genetic alterations in various types of cancer, epigenetic alterations are now known to play a very
important role in cellular dysregulation. One of the main epigenetic modifications involves methylation of
cytosine molecules within regulatory and repeat sequences of tumors that do not exist in normal cells, with few
exceptions. We initially undertook discovery-based studies of DNA methylation patterns using microarray
technologies for the purpose of discovering large-scale abnormalities in methylation patterns in certain
subclasses of non-Hodgkin’s lymphomas compared to normal lymphoid cells. Over time, we have moved from
use of very early-stage microarrays that used crude DNA fragments enriched for gene promoter regions, but
have now moved to used of much more robust oligonucleotide microarrays and DNA sequencing technologies.
Our key findings are that: 1.) All these technologies are useful in different ways; 2.) Non-random patterns of
DNA methylation allow us to segregate different subclasses of NHL; 3.) Methylated DNA circulating in blood
shows the same patterns of methylation as in the primary tumor; 4.) Whether using DNA from the primary
tumor or from blood plasma, patterns of DNA methylation show promise in differential diagnosis, tumor
subclassification, and potentially for monitoring successful treatments. This project then has moved from early
discovery to identifying candidate biomarkers that can be used in translational medicine to improve patient care.

Keywords: methylation, epigenetics, lymphoma
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078 Gene Expression Classifiers for Minimal Residual Disease (MRD) and
Relapse Free Survival (RFS) Improve Outcome Prediction and Risk
Classification in Children with High Risk Acute Lymphoblastic Leukemia
(ALL): A Project of the Children’s Oncology Group and the NCI Strategic
Partnerships to Evaluate Cancer Gene Signatures (SPECS) and NCI
TARGET Programs

Cheryl L. Willman, Huining Kang, I-Ming Chen, Carla S Wilson, Edward J Bedrick, , Richard C
Harvey, , Stephen P Hunger, Meenakshi Devidas, Susan R Atlas, Xuefei Wang, Michael J Borowitz,
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Reaman
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Background: Remarkable advances in treatment outcome have been achieved in the majority of children with
ALL through the optimization and progressive intensification of chemotherapeutic regimens employing
cytotoxic agents that have been in widespread clinical use since the early 1970s. In parallel, laboratory
investigations have provided remarkable insights into the underlying genetic heterogeneity and molecular
pathogenesis of this disease, with the characterization of many frequently recurring genetic abnormalities that
have prognostic import and which are associated with distinct clinical phenotypes. These studies have identified
a number of distinct molecular subtypes of pediatric ALL that are associated with treatment outcomes that are
either excellent (such as TEL-AMLI1 or trisomies of chromosomes 4, 10, and 17 in children with “low risk”
disease) or very poor (such as BCR-ABL or hypodiploidy in children with “very high risk” disease). Yet, these
genetic abnormalities account for only 35-40% of all cases of pediatric ALL. The underlying genetic
abnormalities in the majority of children with ALL, such as those with “high risk” disease who have remained
resistant to current therapies, remain to be discovered. The goal of our studies has been to use gene expression
profiling in high risk ALL to: 1) develop molecular classifiers for outcome prediction that can be used to
improve risk classification and therapeutic targeting; 2) incorporate these classifiers into COG clinical trials; and
3) discover novel cluster groups and underlying genetic abnormalities to in order to identify potential new
therapeutic targets. Methods: Expression profiles were obtained in pre-treatment leukemic samples from 207
uniformly treated children with high risk ALL treated in COG/POG Trial 9906. Relapse free survival (RFS) was
61% at 4 years and flow cytometric measures of minimal residual disease (MRD) at the end of induction (day
29) were predictive of outcome (P<0.001). Molecular classifiers predictive of RFS and MRD were developed
using extensive cross-validation procedures. Results: A 38 gene molecular risk classifier predictive of RFS
(MRC-RFS) distinguished two groups of high risk ALL patients with different relapse risks: low (4 yr RFS:
81%, n=109) vs. high (4 yr RFS: 50%, n=98) (P<0.0001). In multivariate analysis, the best predictor combined
MRC-RFS and day 29 flow MRD data, classifying children into low (87% RFS), intermediate (62% RFS), or
high risk (29% RFS) groups (P<0.0001). A 21 gene molecular classifier predictive of MRD could effectively
substitute for day 29 flow MRD, yielding a combined classifier that similarly distinguished three risk groups at
pre-treatment (low: 82% RFS; intermediate: 63% RFS; and high risk: 45% RFS) (P<0.0001). This combined
molecular classifier was further validated on an independent cohort of 84 children with high risk ALL registered
to COG/CCG Trial 1961 (P = 0.006). Using 4 unsupervised clustering methods, we defined 8 distinct cluster
groups. While 2 cluster groups contained those cases with t(1;19)/E2A-PBX translocations or MLL
rearrangements, the other 6 cluster groups were completely novel. Two of the novel cluster groups had
strikingly different outcomes (95% 4 year RFS vs 20% 4 year EFS) and were associated with distinct novel
underlying genetic abnormalities and genes that may represent novel therapeutic targets. Children of
Hispanic/Latino ethnicity were disproportionately present in the poorest outcome cluster. Conclusions:
Molecular classifiers can be used to distinguish distinct prognostic groups within high risk ALL, significantly
improving risk classification schemes and the ability to prospective identify children who will respond to or fail
current therapies. These classifiers are now being integrated into the design of COG trials. The discovery of
novel underlying cluster groups and genetic abnormalities is being used to develop novel therapeutic targets.

Keywords: leukemia, gene expression profiling, molecular classifiers
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079 Using Custom Protein Microarrays to Identify Autoantibody Biomarkers
for the Early Detection of Cancer

Karen S. Anderson', Sahar Sibani?, Genie Hainsworth?, Jacob Raphael?, Tanya Logvinenko?,
Niroshfzn Ramachandran?, Martin Sanda*, Paul Engstrom®, Andrew Godwin®, Daniel Cramer®, Joshua
LaBae

'Cancer Vaccine Center, Department of Medical Oncology, Dana-Farber Cancer Institute; 2Harvard Institute of
Proteomics, Harvard Medical School; 3Institute for Clinical Research and Health Policy Studies, Tufts Medical
Center; “Beth Israel Deaconess Hospital; 5Fox Chase Cancer Center; 6Brigham and Women’s Hospital

Background: Cancer patients make antibodies to tumor-derived proteins that are potential biomarkers for early
detection. To detect autoantibodies to tumor antigens in patient sera, we have adapted novel high-density custom
protein microarrays (NAPPA) expressing 6,500 candidate tumor antigens for biomarker detection. These arrays
are probed with sera from patients with early stage breast cancer and healthy women. Using this approach, we
identified antibodies in the sera of breast, ovarian, and prostate cancer patients.

Methods: 6,500 full-length human antigens were expressed using mammalian reticulocyte lysate and captured
onto NAPPA protein microarrays. Protein expression (>90%) was confirmed with anti-GST antibodies. Patient
sera were added, and bound IgG detected with secondary antibodies. Serum samples were obtained from 53
patients with stages I-III breast cancer and 53 age-matched controls, 15 patients with stages I-I1I ovarian cancer
and 15 controls, and 25 prostate cancer patients and 17 controls.

Results: Using high-density protein microarrays, sera from cancer patients (n=93) and healthy donor sera
(n=85) were screened for autoantibodies to up to 6,500 protein antigens. Antigens were selected for further
analysis if the 95" percentile of signal of cases and controls were significantly different (p<0.05) and if the
number of cases with signals above the 95" percentile of controls was larger than the number expected due to
random chance (p<0.05). Known tumor antigens, such as p53, were detected, as well as novel antigens such as
DCCI1, Rab7L and DCP1A. In total, up to 768 unique antigens were selected for each disease for further
analysis with independent sets of sera.

Conclusions: Custom in-situ protein microarrays can be used to detect serum tumor antigen-specific antibodies
and enables the rapid, simultaneous detection of immunogenic tumor antigens from patient sera. These
autoantibodies are being evaluated as potential biomarkers for the early diagnosis of cancer.

Keywords: biomarkers, breast cancer, ovarian cancer
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080 Multiplex Serum Analysis for Screening and Diagnosis of Pancreatic
Cancer

Randall Brand, Herbert Zeh, Ill, Peter Allen, Anna Lokshin
University of Pittsburgh

Pancreatic cancer is the fourth leading cause of cancer-related death in the United States. Currently, no effective
early detection and screening modalities are available and tumors are typically diagnosed at a late stage,
frequently after metastasis. Identification of molecular biomarkers for early detection and correct diagnosis may
significantly improve the survival of patients with pancreatic cancer. None of known biomarkers of pancreatic
cancer including CA 19-9 are sensitive and specific enough to be used singly for screening or diagnosis of the
disease. We hypothesized that combination of several serum biomarkers representing various aspects of
pancreatic cancerogenesis would offer higher classification power compared to single biomarkers. We have
utilized a bead-based immunoassay approach that allows simultaneous measurement of multiple markers. In this
study, a panel of 90 serological markers including cytokines, chemokines, growth and angiogenic factors,
hormones, proteins associated with metastasis and apoptosis, and others in combination with CA 19-9 was
analyzed in sera of 360 pancreatic cancer patients, 127 patients with chronic pancreatitis, and 686 matched
control healthy subjects obtained from three different institutions, Evanston Northwestern Healthcare, Memorial
Sloan-Kettering Cancer Center, and University of Pittsburgh Cancer Institute. Subset obtained from Memorial
Sloan-Kettering Cancer Center (133 cancer and 72 benign cases) was used as a training set, and the rest of the
samples were used as a blinded validation set. Bioinformatics analysis identified a panel consisting of CA 19-9,
CEA, and ICAM-1 that was able to distinguish pancreatic cancer from benign disease with a sensitivity of 77%
and specificity of 91%, which was superior to performance of CA 19-9 alone. This panel when validated in a
blinded validation set offered sensitivity of 75% at a specificity of 90% for discrimination of pancreatic cancer
from benign cases with the concomitant specificity of 91% for healthy controls. In conclusion, we have
identified and validated a serum multimarker panel, which was able to discriminate pancreatic cancer from
benign pancreatic condition and from healthy controls with high sensitivity and specificity.

Keywords: pancreatic cancer, serum biomarkers, disgnosis
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081 The TCGA Cancer Genome Characterization Center (CGCC) at MSKCC:
High Resolution Genomic Copy Number Analysis of the First 215
Glioblastoma Samples

Cameron Brennan, Nick Socci, Adam Olshen, Barry Taylor, Alex Lash, Nikolaus Schultz, Li-Xuan Qin,
Chris Lau, Laetitia Borsu, Agnes Viale, William Gerald, Chris Sander, Marc Ladanyi

Human Oncology and Pathogenesis Program, Computational Biology Center, and Departments of Pathology,
Neurosurgery, and Epidemiology and Biostatistics, Memorial Sloan-Kettering Cancer Center

Objectives: Within The Cancer Genome Atlas (TCGA) consortium, the MSK-CGCC performs comprehensive
profiling of genomic copy number alterations (CNAs) using Agilent 244K CGH arrays, followed by
bioinformatic analyses to identify candidate genes for resequencing by the TCGA Genome Sequencing Centers.
Furthermore, we have designed a complementary custom Agilent array based on a cancer gene-centered strategy
optimally suited for the high resolution detection of intragenic CNAs that may represent intragenic deletions,
either activating (e.g. EGFRVIII) or inactivating (e.g. PTEN), or intergenic rearrangements leading to the
formation of fusion oncogenes.

Methods: Two distinct CNA analysis algorithms were developed by MSK-CGCC members, GTS (Genome
Topography Scan) and RAE. The custom high density CGH array was designed for densest coverage (~400bp)
of tyrosine kinases (n=86), transcription factors (n=823), and genes with suspected intragenic CNAs (n=103) in
data from standard Agilent 244K CGH arrays. Another 5170 genes, covered at ~1.5kb intervals, were selected
bioinformatically based on literature and motif data. A statistical approach to identifying significant intragenic
CNAs was developed based on background rate, event recurrence, and gene size.

Results: Unsupervised analysis showed 3 patterns of broad CNAs in these 215 GBMs, with two of the clusters
being driven by coordinate gains of chromosomes 19 and 20 and losses of 13 and 14, respectively, and 9p
(CDKN2A) and chromosome 10 (PTEN) losses being present in all 3 clusters. Narrow CNAs included gains in
EGFR, MET, MDM2, CDK4, PDGFRA, KIT, KDR, and MDM4, and losses in PTEN, CDKN2A/B/C, NF1,
RB1, PTPRD, and FBXW?7, among others. Among intragenic CNAs, EGFR was the top gene, showing the
expected EGFRVIII intragenic deletions involving exons encoding the extracellular domain as well as other
deletion mutations. Integration of intragenic CNAs with matching Affymetrix Exon array data (generated by
another TCGA CGCC) identified 82 genes in which the CNA breakpoint was paralleled by an intragenic change
in exon expression levels. These are lead candidates for RACE or other sequencing strategies to identify
putative fusion partners.

Conclusion: The GTS and RAE analysis algorithms generate very similar data for the major recurrent CNAs in
GBM, and use different strategies to tackle the challenge of assessing the significance of less frequent narrow
events. This analysis limited to a single genomic platform within the TCGA and covering only the first 215
samples of up to 500 anticipated for this tumor type is already yielding an unprecedented portrait of somatic
chromosomal aberrations in GBM.

Keywords: microarray, genomic profiling, translocation
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082 Comprehensive Transposon Mapping in the Human Genome

Kathleen H. Burns, Cheng Ran Huang, Sarah J. Wheelan, Hong Kai Ji, David Valle, Curt I. Civin, Jef
D. Boeke

Departments of Pathology, Molecular Biology & Genetics, Oncology, Biostatistics, and the High Throughput Biology
Center, Johns Hopkins School of Medicine

Transposons are mobile genetic elements which have shaped eukaryotic genomes over evolutionary time.
Subsets remain animated in our modern human genomes, contributing to genetic diversity, heritable disease, and
oncogenesis to degrees not well understood. Some of the most dynamic transposons are LINEs, which multiply
in the genome by “copy-and-paste” through an RNA intermediate. They have been difficult to study because:
(i.) LINE prevalence in the genome precludes accurate copy number quantification, (ii.) LINE transcription
cannot be accurately assessed by RT-PCR, Northern blots, or expression microarrays, (iii.) there are no robust,
widely-available antibodies against LINE-encoded proteins, (iv.) many genome projects rely on sequencing
strategies that fail to detect full-length, 6 kb LINE insertions and non-exonic insertions, and (v.) until now, no
method for finding new insertions in the vastness of the genome was feasible. The Boeke laboratory previously
reported a method to map Ty transposons in yeast by coupling a transposon insertion profiling (TIP) PCR with
microarray amplicon analysis (TIP-chip). We now demonstrate that this approach can be applied to the human
genome to identify positions of active T(a)LINE retrotransposons. The PCR strategy amplifies genomic DNA
flanking T(a)LINE integration sites, and shows excellent discrimination between T(a)LINEs and older inactive
LINEs. In addition to allowing genotyping for known T(a)LINE insertions, limited application of the technique
has demonstrated numerous novel polymorphic insertions, as well as candidate disease-causing insertions in
patients with heritable diseases whose specific sequence defects have been elusive. The technique is being
scaled for comprehensive genome coverage for the evaluation of transposon instability in the development of
solid tumors and leukemias. We expect this will add a new dimension to our understanding of structural
variation in the human genome and provide new insights into human disease.

Keywords: transposon, T(a)LINE, microarray
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083 Measuring Cancer Biomarker Candidates by Targeted MS and Ab
Enrichment

Steven A. Carr', Amanda Paulovich? Leigh Anderson®, Terry Pearson®, Steven Skates®

Broad Institute of MIT and Harvard' ; Fred Hutchinson Cancer Research Centerz; Plasma Proteome Institute3;
University of Victoria* and Massachusetts General Hospital5

Better biomarkers are urgently needed to improve diagnosis, guide molecularly targeted therapy, and monitor
activity and therapeutic response across a wide spectrum of disease. Proteomics methods based on mass
spectrometry hold special promise for the discovery of novel biomarkers that might form the foundation for new
clinical blood tests, but to date their contribution to the diagnostic armamentarium has been disappointing. That
disappointment is not due to a lack of biomarker candidates, but rather the inability to rapidly and accurately
follow-up on the large numbers of candidates that are generated. Unbiased proteomic discovery in tissue or
proximal fluids using a processing pipeline consisting of abundant protein depletion, multidimensional
fractionation of peptides and LC-MS/MS and modern, high performance hybrid MS systems (e.g., Orbitraps)
yields 1000’s of candidate proteins, a high percentage of which show differential expression in cases vs.
controls. The lack of robust quantitative methods with sufficient sensitivity, reproducibility and throughput has
significantly hampered our ability to credential these candidates coming from unbiased proteomic discovery
efforts.

Our group, funded by the NCI CPTAC Program, is focusing our efforts in addressing this serious barrier by
developing robust, multiplexed targeted screening methods as well as quantitative assay methods for candidate
biomarker proteins in plasma. Candidate proteins prioritized by integrative genomics or AIMS (an MS-based
technology recently developed at the Broad, see ref. 1) moved into quantitative assay development by “multiple
reaction monitoring” MS (or MRM) using stable-isotope dilution, a well-established quantitative MS technique
used in the routine measurement of drugs and metabolites. This approach is quite distinct from conventional
proteomic methods in that the mass spectrometer is forced to focus on and measure only specific signals derived
from the candidate proteins. This overcomes a major limitation of mass spectrometers as well as humans, in that
we both have a limited attention span and can only tolerate so much information at once. The MRM approach is
highly specific, quantitative and can be multiplexed to a very high level enabling 100’s of candidate protein
biomarkers be tracked in a single experiment. We have demonstrated that it is now possible to configure
multiplexed assays for proteins at the low ng/mL level in plasma by combining simple depletion and
fractionation approaches with detection by multiple reaction monitoring on triple quadrupole MS systems (2).
Further improvements may come from the use of peptide immunoaffinity enrichment which holds particular
promise for simplifying sample preparation and increasing both throughput and sensitivity of MRM-based
assays. Using SISCAPA, assays can be readily configured that enable quantitation of proteins present at low
ng/mL levels directly from plasma (3). After extensive optimization and characterization, our assays will be
deployed on clinical plasma samples from breast cancer patients to measure protein biomarker levels in a few
hundred selected cancer/control plasma samples. The results will characterize the quantitative reproducibility of
the assay methodology within- and between-laboratories, and over time. We expect to deliver to the community
a series of standardized reagents and developed assays that can be implemented in other laboratories using
similar standardized instrumentation.

References: 1. Jaffe et al. (2008) Mol Cell Proteomics. 2008 Jun 4 (e-pub ahead of print). 2. Keshishian et al.
Mol Cell Proteomics 6(12): 2212-29. 3. Whiteaker et al. (2007) Anal Biochem 362, 44-54.

Keywords: multiplexed quantitative assay, targeted mass spectrometry, protein biomarker verification
and validation
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084 Translation of Proteomic Biomarker Discovery Into Clinical Practice for
the Early Detection of Cancer

Daniel W Chan, Zhen Zhang, Hui Zhang, Lori J Sokoll
Departments of Pathology, Oncology and Urology, Johns Hopkins Medical Institutions

Currently for all cancer types, there are only a dozen serum cancer proteomic biomarkers cleared/approved by
the US FDA for clinical use. While many more candidate biomarkers have been reported in the scientific
literature, very few biomarkers have been validated and developed into diagnostics. The Early Detection
Research Network (EDRN) Biomarker Reference Laboratory at The Johns Hopkins University was established
to facilitate the translation of cancer biomarkers from discovery to clinical practice. We have assembled a multi-
disciplinary team of scientists and developed strategies for cancer biomarker discovery, validation, and
translation. These strategies and specific examples of our studies are listed below.

m  Select the right technologies: Protein array and/or mass spectrometry. Zhang H & Chan DW. Cancer
biomarker discovery in plasma using a tissue-targeted proteomic approach. Cancer Epidemiol Biomarkers
Prev (2007) 16:1-3.

m  Use well characterized clinical specimens: Pathology. Rai AJ....Chan DW. HUPO Plasma Proteome
Project specimen collection and handling: Towards the standardization of parameters for plasma proteome
samples. Proteomics (2005)5:3262-3277.

m Develop bioinformatics tools for data analysis and multiplexing of biomarkers: Engineering. Zhang Z
et al. Combining multiple serum tumor markers improves detection of stage I epithelial ovarian cancer.
Gynecol Oncol (2007)107: 526-31.

B Design multi-center case control study with extensive clinical validation to minimize the impact of
possible confounding variables: Statistics. Zhang Z & Chan DW. Cancer Proteomics: In Pursuit of “True’
Biomarker Discovery. Cancer Epidemiol Biomarkers Prev (2005)14:2283-2286.

B

m Discover and identify biomarkers with biological (clinical) significance: Cancer Biology. Koopmann J
et al. Serum macrophage inhibitory cytokine 1 as a marker of pancreatic and other periampullary cancers.
Clin Cancer Research (2004)10:2386-2392.

B Perform analytical validation to achieve high accuracy, obtain long-term consistent results, and
achieve interchangeable results: Clinical Chemistry. Meany DL and Chan DW. Comparability of tumor
marker immunoassays: still an important issue for clinical diagnostics? Clin Chem Lab Med (2008)46:575—
576.

B Perform clinical validation to achieve high accuracy, sensitivity, specificity and diagnostic
performance (ROC analysis): Clinical Chemistry. Sokoll LJ...Chan DW. (-2) Proenzyme PSA for
prostate cancer detection: An NCI-EDRN validation study. J Urology (2008)180: 539-543. Current status:
clinical trial being conducted by a public/private partnership of EDRN/Beckman Inc with intent for FDA
approval as a clinical diagnostic.

m Translate biomarkers into multiplexed clinical diagnostics: Clinical Practice. Zhang Z...Chan DW.
Three biomarkers identified from serum proteomic analysis for the detection of early stage ovarian cancer.
Cancer Research (2004) 64: 5882-5890. Current status: Licensed to Vermillion, Inc., a clinical diagnostic
has been developed and submitted to the FDA for approval.

Strategies have been implemented in our laboratory for the discovery and validation of proteomic biomarkers
with the goal of translating these markers into clinical practice for the early detection of cancer. The above
publications and FDA filings illustrate our capabilities and successes in translating cancer biomarkers from the
bench to the bedside.

Keywords: biomarker, proteomics, cancer detection
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085 Molecular Fingerprints of Cancer in Histologically-Normal Breast
Tissues

Dung-Tsa Chen, Aejaz Nasir, Aedin Culhane, Chinnambally Venkataramu ,William Fulp, Renee
Rubio, Tao Wang, Deepak Agrawal, Mike Gruidl, Gregory Bloom, Tove Anderson, Joe White, John
Quackenbush, Timothy Yeatman

Biostatistics Division, Pathology, Molecular Oncology, Surgery and Interdisciplinary Oncology, Moffitt Cancer
Center & Research Institute; Department of Biostatistics and Computational Biology, Dana-Farber Cancer Institute;
Department of Epidemiology and Biostatistics, University of South Florida

Purpose: Historical data have reported up to a 40% local recurrence rate in the ipsilateral breast after
lumpectomy without radiotherapy, which can be reduced to 10% with radiotherapy. These data demonstrate the
potential for the histologically-normal breast to harbor pre-malignant changes at the molecular level.

Materials and Methods: From a total of 90 breast cancer patients, we collected a set of 143 histologically-
normal breast tissues derived from patients harboring breast cancer who underwent curative mastectomy, which
were completely-free of any other breast lesions, as well as a set of 42 histologically-invasive ductal carcinomas
(IDC) of various histologic grades. All samples were assessed for global gene expression differences using
microarray analysis.

Five external, independent data sets were collected to evaluate the malignancy-risk signature.

Results: Here we report that the analysis of 143 completely histologically-normal breast tissues resulted in the
identification of a “malignancy risk” gene signature that may serve as a marker of subsequent risk of breast
cancer development. Evaluation of the malignancy-risk signature using five independent data sets indicated that
the signature had multiple properties, including potential to identify cancer risk, disease progression, and
metastasis. Moreover, unlike invasive cancers expressing genes linked to proliferation and adhesion, the
malignancy-risk signature, derived from normal tissues, showed a marked enrichment for genes with
proliferative function.

Conclusion: These results suggest a critical role for the malignancy risk signature genes in the earliest stages of
breast cancer development.

Keywords: breast tissue, metastasis, gene signatures
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086 Molecular Profiling of Breast Cancer

Robert Clarke'?, Minetta C. Liu', Yue Wang?®, William R. Miller*, Habtom W. Ressom', J. Michael
Dixon®*, Antai Wang?®, Jianhua Xuan®

1Department of Oncology, Lombardi Comprehensive Cancer Center, Georgetown University; 2Department of
Physiology & Biophysics, Georgetown University; 3Department of Electrical and Computer Engineering, Virginia
Tech; “‘Breast Unit, Western General Hospital, University of Edinburgh, Scotland; 5Department of Biostatistics,
Bioinformatics and Biomathematics, Georgetown University

Major challenges in achieving a personalized approach to directing breast cancer therapy include extracting
appropriate information to accurately define each individual patient’s prognosis (outcome independent of
treatment) and to predict which therapeutic regimens will provide the best clinical outcome. Effectively
addressing these challenges is confounded by the highly heterogeneous nature of the disease; breast cancers with
similar histopathological appearance can follow quite distinct clinical courses and show different responses to
therapy. Consequently, many women with small, node-negative breast cancers are essentially overtreated e.g.,
most Stage I breast cancers are treated with both local and systemic therapies but ~80% are effectively cured
with local interventions alone. Separating these patients from the ~20% who recur, irrespective of their
treatment, remains problematic (prognostic goal). Consequently, the development of novel methods that can
more accurately predict for a nonrecurrent vs. recurrent phenotype is a major priority.

Specifically, we hypothesize that differences in the gene expression profiles of tumors determine outcome
(recurrence) in patients with nonmetastatic disease. We also hypothesize that computational bioinformatics can
discover these differences and use this knowledge to build classifiers that predict each individual patient's
prognosis (especially in Stage I disease). Our multidisciplinary teams are collecting molecular profiles and
established prognostic factor data from breast cancer patients to build artificial intelligence-based classifiers and
multivariate models that accurately predict those patients with nonmetastatic disease (especially Stage ) who
will/will not recur.

To achieve this goal, a major focus of this bioengineering research partnership R01 award is to develop
powerful new tools and approaches to optimize the collection, quality, normalization, visualization, and analysis
of gene expression microarray data. These tools are being collected into a caBIG compatible bioinformatics
suite for data modeling and analysis. The clinical and microarray data are being collected in both a retrospective
study and in a large prospective analysis of early stage breast cancers.

For the clinical component, we have currently acquired over 400 retrospective cases (n=418 specimens) and
accrued 315 prospective breast cancer cases (n=1,170 specimens). To date, we have focused on the retrospective
study, as we are collecting clinical outcomes data from the prospective study and accrual continues. We have
completed initial analyses of a subset of the retrospective data in ER+ breast cancers and compared initial
predictors of clinical outcomes.

For the bioengineering component, we have created, tested, and validated new methods for tissue heterogeneity
correction (an in silico tissue microdissection method), normalization (supervised, cross-phenotype, linear and
non-linear methods), data visualization (suite of tools, i.e., caBIG VISDA), multitask gene selection (several
new univariate and multivariate methods), classification and prediction (optimized multilayer perceptrons and
novel applications of support vector machines). While not a component of the initial study, we have also begun
to develop powerful new tools to extract molecular signaling pathways based on several approaches including
knowledge-guided multiscale independent component analysis, differential dependency network modeling, and
particle swarm optimization methods. In all cases, our tools are validated by statistically comparing performance
against the appropriate tools most commonly used in the research community.

Keywords: microarrays, bioinformatics, prognosis
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087 Inherited Susceptibility to Tumor Progression and Metastasis

Nigel PS Crawford, Xiaolan Qian, Argyrios Ziogas, Brenda J. Boersma, Renard C Walker, Alex G
Papageorge, Luanne Lukes, Stefan Ambs, Douglas R Lowy, Hoda Anton-Culver, Kent W Hunter

Laboratory of Population Genetics, National Cancer Institute, National Institutes of Health

Tumor metastasis is one of the most important clinical aspects of neoplastic disease since patient mortality is
frequently due to disseminated, rather than primary tumors. However, in spite of the importance of this process
and the significant investment of resources to investigate it, great gaps remain in our understanding of the
mechanisms of metastasis. To gain a better understanding of metastasis, our laboratory has investigated how an
individual’s inheritance influences the propensity of a tumor to disseminate. Using a highly metastatic
transgenic mouse mammary tumor model we demonstrated the presence of polymorphic loci in the genome that
had a significant impact on the ability of tumors to colonize the lung. Subsequently, using a variety of
methodologies, we have identified the first of these polymorphic genes, Sipal, and demonstrated that modest
changes in gene expression or function strongly impact metastatic efficiency. More recently, we have been
investigating the origins of the recently described tumor-derived metastasis-predictive gene expression
signatures. Exploration of our mouse model has demonstrated that many of the genes comprising these
signatures are differentially expressed in normal tissue as well as tumor tissue, suggesting that constitutional
polymorphisms, rather than just somatic events, are a major factor influencing the predictive expression
patterns. Genetic mapping of the polymorphisms controlling the expression pattern of the metastasis predictive
signature genes has revealed loci that co-localize with our previously mapped metastasis efficiency modifier
loci. Further analysis of these loci has identified a number of polymorphic genes, that when ectopically
expressed in a highly metastatic mammary tumor cell line, alter both the expression patterns of the endogenous
metastasis-predictive signature genes and progression and metastasis after subcutaneous implantation in mice,
and that these signatures predict outcome in multiple independent human breast cancer expression datasets.
These results suggest that inherited polymorphism plays a significant role in the establishment of metastatic
susceptibility and may provide an additional tool for clinical diagnostic and prognostic evaluation of patient risk
and therapeutic choice.

Keywords: genetics, metastasis, susceptibility
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088 Gene Signature of Cancer Stem Cells is Manifested Within an Intrinsic
Subgroup of Breast Cancers With Mesenchymal Properties

Chad Creighton, Melissa Landis, Michael T. Lewis, Xiaoxian Li, Helen Wong, Anna Tsimelzon, Jason
Herschkowitz, Chris Fan, Xiaping He, C. Kent Osborne, Anne Pavlick, J Michael Dixon, Susan G.
Hilsenbeck, Charles M. Perou, Jeffrey Rosen, Jenny C. Chang

Baylor College of Medicine

Background: Breast cancer stem cells characterized by CD44/CD24”°" may be resistant to therapy and

responsible for relapse. Mammospheres (MSs) can be propogated as an in vitro surrogate assay for increased
self-renewal. We set out to define a “signature” expression pattern ssociated with CD44/CD247°",
mammosphere-forming cells.

Methods: Breast cancer biopsies (n=19) were digested, stained with CD24, CD44, and lineage antibodies, and
analyzed by flow cytometry. A portion of the unsorted cells were plated under serum-free conditions to form
MSs (n=16). Gene expression, using the Affymetrix U133 GeneChip platform, of cancer cells bearing
CD447/CD24™°" vs. other sorted cells, and between cancer MS vs. the primary invasive cancers were analyzed.
Gene expression from two trials (neoadjuvant letrozole N=18, and docetaxel, N=12) were used as validation
studies.

Results: In the flow-sorted CD44"/CD24™°" vs. other cells, 1,424 named genes were elevated (p<0.01, fold
change>1.5, FDR=0.20). The comparison between MSs vs. primary cancers yielded 1,890 elevated genes
(FDR=0.25). Between the two sets, 380 genes were in common, a highly significant overlap (p=1E-5, one-sided
Fisher’s exact). This overlap was ~40% greater than what would be expected (n=110) if the two sets had no
biological relevance. Differential pathways included genes in PI3K/AKT signaling (PI3K3R3, ErbB3, FGFR2,
PRLR), and the Notch pathway—a known regulator of normal and malignant stem/progenitor cells (Jagged-2,
MAML2, Deltex, HES1). This signature was found exclusively activated in tumors of the recently identified
“claudin-low” subtype, characterized by overexpression of many mesenchymal genes. Both signatures were
validated in two independent data sets comparing the expression profiles of paired breast cancer core biopsies
before vs. after letrozole or docetaxel chemotherapy.

Conclusion: The mesenchymal association provides a possible explanation for the intrinsic resistance of breast
cancer stem cells to therapy.

Keywords: cancer stem cells, epithelial mesenchymal transition, therapy resistance
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089 Development of the “PAMS50” Intrinsic Subtype Assay: Potential as a
Prognostic Assay for Patients With Early Stage Breast Cancer and as a
Predictive Assay for Patients Undergoing Neoadjuvant Aromatase
Inhibitor Therapy for ER+ Disease
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Background: We have shown by microarray and real-time quantitative reverse transcriptase polymerase chain
reaction (qQRT-PCR) that breast tumors can be reproducibly classified into five distinct groups based on the
expression profile of a “minimal” intrinsic gene list henceforth called the PAMS50. The PAMS0 identifies two
ER+ subgroups - Luminal A (LumA) and Luminal B (LumB), two ER- subgroups - HER2-enriched (HER2) and
Basal-like, and a final category Normal-like which has an expression pattern that most closely resembles non-
malignant breast tissue. This biologic classification has been shown to be an independent predictor of disease
free survival when considering standard clinical parameters. However, risk predictors based on these gene
expression profiles have been difficult to clinically implement. We sought an objective method to predict
subtypes of breast cancer and generate a continuous risk score based on a biological subtype predictor that can
be performed on archived tissue blocks using real-time qRT-PCR.

Methods: Microarray and real-time qRT-PCR data from 189 samples, procured as fresh frozen and formalin-
fixed paraffin-embedded tissues, were used to statistically select prototypes for the biological subtypes of breast
cancer. Classification algorithms were developed using four independent breast microarray studies together
comprising 1244 cases. From these data, a risk of recurrence (ROR) predictor was developed based on distance
to the PAMS50 subtype centroids. In addition, a proliferation score was generated from the expression of 11
tightly correlated, cell cycle-regulated genes in the PAMSO0 to create a tailored ROR score for response to
neoadjuvant aromatase inhibitor therapy. A linear relationship between the ROR score and relapse risk was
identified across the cohorts.

Results: The biological subtypes predicted on the combined microarray test sets showed prognostic significance
in all stages of disease (1244 subjects; p=7.1e-14), node negative disease with no adjuvant systemic therapy
(733 subjects; p=6.2e-7), and in patients treated with endocrine therapy (404 subjects; p=1.3e-3). The
proliferation weighted ROR model applied to tumor expression profiles generated from baseline biopsy, one
month neoadjuvant treatment, and subsequent tumor excision at surgery showed marked changes with aromatase
inhibitor treatment, and robustly identified a group of resistant tumors on the basis of a persistently high risk of
relapse score one month after treatment. These resistant tumors were associated with a poor clinical response
rate, poor pathologic response in the surgical specimen, and high relapse rate in follow-up.

Conclusion: A qRT-PCR panel of 50 discriminator genes, applicable to standard pathology blocks from biopsy
and excision specimens, robustly identifies the intrinsic biological subtypes of breast cancer and predicts
response to aromatase inhibitor therapy as well as overall prognosis in independent series.

Keywords: quantitative RT-PCR, bioclassifier, aromatase inhibitor
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090 Novel Approaches to Cancer Biomarker Discovery Using Proteomics

Sam Hanash

Fred Hutchinson Cancer Research Center

Although our understanding of the molecular pathogenesis of common types of cancers has improved
considerably, the development of effective strategies for early cancer diagnosis have lagged behind. We have
implemented strategies for in-depth quantitative proteomics of the plasma proteome to identify markers for early
cancer detection. The strategy consists of analysis of circulating proteins and autoantibodies to tumor antigens in
specimens obtained at the time of diagnosis and at a pre-clinical stage, prior to the diagnosis of cancer. In
parallel, we have utilized mouse models of cancer that represent an efficient means for uncovering diagnostic
markers because of the ability to engineer mice that harbor genetic alterations known to be associated with
tumors in humans, and because of the limited heterogeneity among mice bred under uniform conditions and the
ability to sample blood in a standardized manner, at defined stages of tumor development. Findings from studies
of epithelial cancers, notably lung and pancreatic cancer, that progressed from discovery to blinded validation in
pre-diagnostic sera will be presented that demonstrate the power of current proteomics strategies to yield
markers for early cancer detection.

Keywords: early detection, biomarker, proteomics
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091 Integrated DNA Methylation Analysis of Glioblastoma: The TCGA
Consortium

James G. Herman', Kornel Schuebel’, Leslie Cope’, Dan Weisenberger?, Fei Pan?, Peter Laird?,
Stephen B. Baylin'

The Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins and ’The Norris Cancer Center, The
University of Southern California

Aberrant hypermethylation of CpG dinucleotides located in CpG islands within the promoters of key cancer
genes is an epigenetic abnormality associated with heritable transcriptional gene silencing and inactivation in
cancer. Studies of major cancer types suggest that any individual patient’s tumor may harbor upwards of 300
DNA hypermethylated genes. We used Illumina GoldenGate with a custom GBM array to monitor methylation
at a single CpG dinucleotide in the CpG islands of 1,498 gene promoters identified from epigenetic reactivation
studies of glioblastoma cell lines and the commercial [llumina Cancer Panel I array, containing an additional
807 non-overlapping gene promoters, to query 215 primary GBM samples from 195 patients. An algorithm was
derived to identify genes specifically DNA hypermethylated in GBM versus normal brain which identifies genes
satisfying the criteria: (a) unmethylated in negative control DNA; (b) methylated in positive control DNA; (c)
unmethylated in all available normal brain samples; (d) partially methylated in at least 10% of primary tumors;
(e) fully methylated in at least 25% of primary tumors and (f) a Spearman correlation >0.3 between gene
expression and DNA methylation values.

We have identified approximately 300 “cancer-specific” hypermethylated GBM genes using this approach. Heat
map analyses identified at least three gene and tumor clusters that may be of biologic and clinical interest.
These clusters were maintained by refining to a final list of 45 genes, through integration with gene expression
platforms in TCGA, with each gene having increasing methylation with decreasing gene expression. These
genes include critical pathways involving the retinoid signal transduction pathway (RBP1, FABPS), which is
key to proper neural differentiation, and tyrosine kinases (EPHA2, EPHB1) which are essential for normal brain
development. Integrated approaches with regions of genetic copy number alterations identify O6-MGMT, and
the chemonkine receptor CXCL12 as frequent targets of both epigenetic and genetic inactivation. Methylation
of CXCL12 is associated with reduced survival.

Integration of the methylation data with sequencing efforts reveals the importance of genetic and epigenetic
interactions. A list of 601 genes selected to include known tumor suppressor genes and oncogenes as well as
genes related to glioma pathogenesis were sequenced in 91 matched tumor-normal pairs. Included in our study
was methylation of the MGMT gene, which encodes a DNA repair protein that removes alkyl groups from
guanine residues, thereby preventing DNA cross-links and cell death, and whose promoter methylation has been
correlated with GBM sensitivity to alkylating agents. MGMT was methylated in 20 of 94 the sequenced tumors,
while MLH3, a mismatch repair gene not previously known to be altered by DNA methylation, was methylated
in six of the 94 tumors. Additional mutations were observed in the mismatch repair genes MLH1, MSH2, and
MSH6. The twenty tumors with MGMT methylation harbored 206 mutations among the 601 sequenced genes
(mean 10.3 per tumor), compared to 248 mutations in 74 tumors without MGMT methylation (mean 3.5 per
tumor). Loss of MGMT is associated with G to A mutations (or C to T on the opposite DNA strand). Consistent
with this, tumors with MGMT methylation had 79% of mutations being Gto A changes and only 8% at CpG
dinucleotides (resulting from spontaneous deamination of 5-methylcytosine), while the frequencies in tumors
without MGMT methylation were 48% and 52%, respectively. These differences are statistically significant (G
to A mutations, p=3x10-12 and CpG mutations, p=2x10-16). Thus, both DNA repair gene mutations and
epigenetic alterations may affect the overall frequency and pattern of mutations in GBM tumors.

These findings from TCGA may allow further classifications of GBM for response to the primary therapy of
alkylating agents combined with radiation therapy, and new pathways such as Ephrin and retinoid signaling, and
inflammatory chemonkine signaling as targets for therapeutic intervention.

Keywords: glioblastoma, genomic analysis, epigenetics
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092 Prospective Identification of Reverse Phase Proteomic Signatures of
Estrogen Resistance in High-Risk Premenopausal Women

Catherine Ibarra, Michelle Troch, Gabriela Lavezzari, Emanuel Petricoin, April Stouder, Joseph Baker,
Siya Lem, Tracey Grant, Abbey Barron, Victoria Seewaldt

Duke University Breast Cancer SPORE; Theranostics Health, Bethesda Maryland; George Mason University

AKT/protein kinase B is a family of protein kinases that regulate proliferation, apoptosis, and damage-response-
signaling. High AKT activity and phosphorylation at Ser473 is associated with resistance to Tam
chemotherapy. Normal mammary gland homeostasis involves the coordinated regulation of cellular signaling
networks. Our in vitro and initial studies in high-risk women provided evidence that disregulation of AKT-
signaling occurs during initiation of estrogen-resistant breast cancer. In this study, we used Reverse Phase
Proteomic Microarray analysis (RPPM) to prospectively test for disregulation of phosphorylation signaling from
premenopausal women in our established high-risk cohort.

Random Periareolar Fine Needle Aspiration (RPFNA) is a research procedure developed to identify 1) short-
term breast cancer risk and 2) response to breast cancer prevention. Over the past 4 years performed serial
RPFNA on a cohort of 257 high-risk women. Using RPPM we identified an initial proteomic signature of
estrogen-resistance and short-term progression in high-risk women with mammary atypia who took tamoxifen
for 12 months and either had 1) persistent atypia or 2) disappearance of atypia. Guided by these initial data,
RPPM proteomic profiling has focused on signaling pathways regulated AKT, PTEN, Bcl-2, EGFR, PI3K,
mTor, and E-cadherin.

Computational analysis of protein patterns was performed using supervised and unsupervised methods as
previously published [Petricoin et al. Cancer Research, 2007]. Supervised techniques included ANOVAQ, t-
tests, and Wilcoxon rank scores. Significant single phospho-protein associations (p<0.05) were observed with
AKT-pSerd73, p70S6 kinasepThr412, 4EBP1, IKB-pSer32-36, and E-cadherin. Full analysis is on-going.

Conclusion: Our data provide evidence that AKT/mTor-signaling is disregulated in high-risk women who fail
tamoxifen prevention. Our studies provide a mechanism to rapidly identify women who fail tamoxifen
prevention and provide insight into the biology of estrogen-resistant breast cancer initiation.

Significance: Currently we lack agents to prevent estrogen-resistant breast cancer. Targeted agents are
undergoing clinical testing for treatment of estrogen breast cancer. Low toxicity targeted agents represent an
important future opportunity to prevent estrogen-resistant breast cancer in women who fail Tam.

However, In order to most effectively use targeted agents for prevention of estrogen-resistant breast cancer we
need to first develop a mechanism to identify sensitivity of the targeted tissue. Without predictive biomarkers
Phase I testing of targeted agents for prevention of estrogen-resistant breast cancer will be too risky, expensive,
and will not select women with the highest likelihood of response. Our proteomic signatures provide a
mechanism to identify signaling pathways that are intact in Tam-resistant breast tissue, guide selection of a
targeted agent that has the highest likelihood of success, and then track response to the agent.

Keywords: breast cancer risk assessment, proteomics, AKT
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093 Development and Standardization of Liquid Chromatography-Tandem
Mass Spectrometry Methods for Protein Biomarker Discovery and
Verification in Tissues

Daniel C. Liebler'?, Robbert J.C. Slebos'?, Qinfeng Liu'?, Robert W. Sprung, Jr."?, Jonathan W.C.
Brock 2, Nancy F. Winters', Sarah R. Stuart’, Misti A. Martinez', Ming Li*, Mathew C. Chambers®, Yu
Shyr*, Mary K. Washington®, David P. Carbone®, Pierre Massion®, Lisa J. Zimmerman'?, Amy J.
Ham'?, David L. Tabb®

'Jim Ayers Institute for Precancer Detection and Dlagn03|s Vanderbilt-Ingram Cancer Center; Department of
Biochemistry, Vanderbllt University School of Medicine; Department of Cancer Biology, Vanderbilt University
School of Medicine; Department of Biostatistics and Vanderbilt-lIngram Cancer Center, Vanderbilt Un|verS|ty
School of Medicine; Department of Biomedical Informatics, Vanderbilt University School of Medicine; Department
of Medicine and Vanderbilt-Ingram Cancer Center, Vanderbilt University School of Medicine

Research at Vanderbilt supported by the NCI Clinical Proteomic Technologies Assessment for Cancer (CPTAC)
program addresses goals in 1) credentialing, 2) supporting tools and 3) creation of modality elements of the
TRWG Biospecimen-Based Assessment Tool Pathway. Shotgun proteome analysis platforms based on
multidimensional liquid chromatography-tandem mass spectrometry (LC-MS-MS) provide a powerful means to
discover biomarker candidates in tissue specimens. We compared shotgun proteomics platforms by analyzing
tryptic digests of whole cell and tissue proteomes using strong cation exchange (SCX) and isoelectric focusing
(IEF) separations of peptides prior to LC-MS-MS analysis on a LTQ-Orbitrap hybrid instrument. IEF
separations provided superior reproducibility and resolution for peptide fractionation. High reproducibility and
efficient resolution of IEF peptide separations make the IEF platform well suited to biomarker discovery via
shotgun proteomic analyses of tissue specimens. LC-MS-MS analyses with this platform have been done in
collaboration with the other CPTAC centers through a Discovery working group series of interlab studies.

The IEF-based shotgun proteomics platform has been extended to analysis of formalin-fixed paraffin-embedded
(FFPE) tissue, which is an important source of tissue for retrospective biomarker discovery and verification
studies. Protein identification differences are not highly sensitive to preprocessing variables, such as fixation
time and duration of storage (up to 10 years). We also have developed a data analysis pipeline for shotgun
proteomics built around the Vanderbilt-developed, open source tools Scansifter, Myrimatch and IDPicker, and a
new statistical tool for the comparison of shotgun proteomics datasets based on a modified Poisson regression
model to facilitate comparisons by spectral counts of datasets with “missing” values, which is characteristic of
shotgun proteomics datasets.

We developed a liquid chromatography-multiple reaction monitoring mass spectrometry (LC-MRM-MS)
method to quantify protein biomarker candidates in tissues without the use of antibodies or stable isotope
labeled standards. MRM-derived signals for target peptides from proteins of interest are normalized to signals
for peptides from endogenous tissue proteins. This approach enables rapid biomarker candidate screens and
bridges biomarker discovery platforms and more costly stable isotope dilution LC-MRM-MS or
immunochemical methods. In studies with all CPTAC centers, we have evaluated the performance
characteristics of stable isotope dilution LC-MRM-MS for prototypical biomarkers proteins and peptides in
plasma. (Supported by National Institutes of Health Grant 1U24CA126479.)

Keywords: proteomics, colon cancer, biomarkers
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094 EDRN Biomarker Development Lab: Prostate and Bladder Cancer Genes

Alvin Y. Liu, Laura E. Pascal, Laura S. Page, Priska D. von Haller, Lawrence D. True, Ricardo Z.
Véncio, Hui Zhang, Yong Zhou, Laura A. Knutzen

Department of Urology, Institute for Stem Cell and Regenerative Medicine, University of Washington; Institute for
Systems Biology

Our approach is to use genomics for discovery and proteomics for detection of secreted proteins. We applied
cell sorting to isolate cancer cells from primary tumors for analysis by Affymetrix GeneChips. Dataset analysis
between cancer cell transcriptomes and those of normal cell types produced a cohort of differentially expressed
genes. Candidates were those with increased cancer expression that encode secreted or extracellular proteins.
Tumor-associated stromal fibromuscular cells, which showed differential gene expression from stromal cells of
normal tissue, provided another source of biomarkers.

CD26" cancer cells were sorted from prostate cancer case 05-179 (T2cNOMx, Gleason 3+3, PSA=10.6, 4.7 cc
tumor volume, 44y patient). An array data analysis tool, HTself, was used to identify 121 up-regulated and 86
down-regulated genes by =8-fold in these cancer cells vs. CD26" luminal cells, the normal counterpart. Genes
encoding secreted proteins include AGR2, BCMP11, CEACAMS and CRISP3. Increased cancer expression was
verified by Western blotting of tissue proteins.

CD90 immunostaining showed that prostate tumor-associated (CP) stromal cells were readily distinguishable
from benign tissue (NP) stromal cells. The CD90" CP stromal cells constituted not more than 10 cell layers
surrounding the cancer cells. Dataset comparison between CD90" CP and CD49a" NP stromal cells showed that
certain prostate-specific (i.e., not in bladder) stromal genes were down-regulated in cancer. Increased expression
of CD90 was detected by Western. The secreted SFRP4 is an up-regulated gene identified through dataset
comparison.

Mass spectrometry-based proteomics was applied to measure proteins derived from cancer. By the glycopeptide-
capture method, N-glycosylated CD90 was found to be 5-fold higher in CP than NP. By the ICAT method,
CD90 was shown, like PSA, to be present in pre-op(erative) urine and not in post-op urine. By the MRM
method using isotopically labeled signature peptides, a higher amount of CD90 was measured in pre-op vs.
biopsy negative and non-cancer urine.

In addition to markers for cancer detection, those for disease stratification were identified. Dataset comparison
was performed between CD26'/CD10™ cancer cells and CD26 /CD10" LNCaP or CD26 /CD10" C4-2 cells
because a CD10" cancer cell type was found enriched in positive lymph nodes. Cell lines and xenografts
developed from node metastasis are CD10". Because of its lower frequency, the CD10" cancer cell type cannot
be readily isolated from CP. The analysis identified MAGE and GAGE genes, among others, being differentially
expressed. Western blotting was used to confirm expression in node specimens.

Markers associated with stem cells are likely associated with cancer stem or tumor promoting cells. Stem cells
respond to stromal cell signaling by undergoing differentiation. Genes down-regulated in this process are
candidate stem cell markers. We used an EC cell line and prostate stromal cells to identify these genes. One
example found was cytoplasmic tumor protein TPD52/PrLZ, which was previously reported to be expressed in
androgen independent prostate cancer. Only 5% of the down-regulated genes were predicted to encode secretory
proteins (vs. 20% in differentiated EC cells). Among them, APOE and PROK2 have been reported to be
associated with advanced cancer.

Keywords: cancer biomarkers, cell type-specific transcriptomes, secreted proteins
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095 PEPPeR: A High-Throughput Platform for Pattern-Based Biomarker
Discovery Using Fractionated Samples

D. R. Mani, Jacob D. Jaffe, Steven A. Carr
Proteomics and Biomarker Discovery Platform, The Broad Institute of MIT and Harvard

Quantitative proteomics using liquid chromatography coupled to mass spectrometry (LC-MS) holds
considerable promise for elucidation of basic biology, and for clinical biomarker discovery. However,
effectively harnessing the wealth of information in LC-MS data necessitates going beyond the traditional
approach of analyzing only identified peptides. To address these challenges and facilitate robust and high
throughput biomarker discovery, we have developed PEPPeR—A Platform for Experimental Proteomic Pattern
Recognition. PEPPeR uses high resolution and high mass accuracy LC-MS data from state-of-the-art mass
spectrometers, and appropriately combines pattern-based (unidentified peptide peaks) and identity-based
(peptides sequenced via MS/MS) information to generate peptide quantitation for biomarker discovery.
Furthermore, PEPPeR is capable of computationally reassembling peptide fractions from multidimensional
fractionation to facilitate data analysis at the sample level, in spite of imprecise fraction boundaries or other
variations during fractionation.

The PEPPeR platform has been evaluated using a variety of protein mixtures, mitochondrial extracts with spiked
in peptides, SCX fractionated yeast samples, nipple aspirate fluid from breast cancer / control patients, plasma
from mouse models of lung adenocarcinoma, and multiple time point plasma samples from patients being
treated for hypertrophic cardiomyopathy. With protein mixtures, we have shown that the platform can be used to
quantify mass spectral features corresponding to peptides across 2-3 orders of magnitude (1 fmol to 300 fmol).
In a model mimicking sample variability likely to be encountered during biomarker discovery, we were able to
accurately quantify ratios between two samples ranging from 0.1 to 50-fold with an average absolute deviation
of 15% from the known ratios, and an average inter-sample intensity CV of 17%. Using marker selection
methods like the t-test, we estimate false positive and false negative differential marker identification rates of
11% and 16% respectively, based on a multiple hypothesis corrected p-value cutoff of 0.01. When comparing
computationally reassembled fractions with the unfractionated sample, we obtain very comparable results, with
almost identical median intensities in the two sets.

Putative biomarkers identified using PEPPeR can be efficiently subject to accurate mass inclusion scanning
(AIMS) for quick identification and follow up.

References: Jaffe, J. D., D. R. Mani, K. C. Leptos, G. M. Church, M. A. Gillette and S. A. Carr (2006). "Pepper,
a platform for experimental proteomic pattern recognition." Molecular and Cellular Proteomics 5(10): 1927-41.
Jaffe, J. D., H. Keshishian B. Chang, T. A. Addona, M. A. Gillette and S. A Carr (2008). "Accurate inclusion
mass screening: A bridge from unbiased discovery to targeted assay development for biomarker verification."
Molecular and Cellular Proteomics, O:M800218-MCP200.
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096 Proteomic Mapping of Endothelial Caveolae to Pump Radio-Antibodies
Into Tumors for Specific Imaging and Therapy

P. Oh, P. Borgstrom, J. Testa, Y. Li, J. Yu, A. Chrastina, J. E. Schnitzer
Sidney Kimmel Cancer Center

Cancer and other disease biomarkers and targets may provide key diagnostic, prognostic and therapeutic
opportunities including clinical trial surrogates and screens for patient treatment assignment. Drugs, gene
vectors, and nanoparticles may benefit greatly from improved in vivo delivery through homing to specific
disease biomarkers. Yet in vivo barriers limit access to most disease targets including cancer. We have
developed novel systems biology approaches that integrate nanotechnology-based subcellular fractionation,
quantitative organellar & subtractive proteomics, bioinformatic interrogation, antibody generation, expression
profiling, and various in vivo imaging modalities to quickly identify and validate target candidates for pre-
clinical and clinical testing. Analysis of rodent and human tumor samples have been compared to focus on
clinical meaningful targets and to understand model relevance to human disease. Tissue and tumor
microenvironmental influences on endothelial cell expression are extensive. We have developed quantitative
proteomic analysis using a new spectral intensity index to identify proteins specific to tumor vs. normal
endothelium as well as concentrated in caveolae; many of which are confirmed by immuno-electron
microscopy. Novel targets in caveolae enable antibodies to penetrate deep into solid tumors and single organs
and were utilized to improve tissue-specific imaging and treatment. Our recent findings reveal that caveolae not
only express tissue-specific proteins but also function to rapidly and actively pump specifically targeted
antibodies and nanoparticles across the endothelial cell barrier and into the tissue interstitium. This targeted
penetration of the antibody into the tissue (transcytosis) occurs within seconds to minutes in normal tissues and
with in minutes to a few hours in various tumor models tested. Such pervasive access inside the tumor improves
the efficacy of radioimmunotherapy in destroying both stromal and tumor cells and in treating a wide variety of
solid tumors. The first antibody that we wish to test clinically recognizes annexin Al which appears tumor-
induced and —specific on the outside surface of endothelia in vivo based on proteomic imaging data already
published (Oh et al., Nature, 2004). Various rodent tumors are imaged rapidly and specifically after intravenous
injection of specific monoclonal antibodies. This radioimmunotherapy effectively destroys tumors in rodent
models to increase survival and even apparently cure the disease. So far, we have tested breast, lung, ovarian,
prostate, and liver tumors with similar success. We have antibodies that recognize this target in humans. A wide
variety of human tumors express this novel accessible endothelial cell surface target in a pattern quite similar to
the rodent models. We are testing different radionuclides to evaluate which one is most effective. Toxicology
studies are ongoing. Our antibody appears useful in tumor-specific imaging as well as in treating a wide variety
of solid tumors. This work represents a novel discovery, validation and delivery strategy that so far provides
promising and unprecedented results. Testing in humans is now necessary to understand limitations and
possibilities for clinical translation to imaging and treating human disease.

Keywords: vascular endothelium, radiommmuno-imaging, radiommmuno-therapy
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097 Molecular Classification of Suspicious Thyroid Tumors

Nijaquna Prasad ', Jeanne Kowalski %, Steven Libutti °, William H. Westra *, Douglas Clark 3, Ralph
Tufano *, Alan PB Dackiw ', Michael Marohn ', Helina Somervell !, Christopher B. Umbricht, MD ™,

Martha A. Zeiger '

1Departments of Surgery, 2Oncology Biostatistics, ° Pathology, and *Head and Neck Surgery, The Johns Hopkins
University School of Medicine; 5Department of Surgery, NCI, NIH

Background: Although thyroid cancer is one of the fastest growing cancers in the United States, the incidence
having doubled in the last decade (http://seer.cancer.gov), cytopathologists often experience difficulties in
preoperatively diagnosing thyroid lesions as either benign or malignant. As a result, 20-25% of fine needle
aspirates (FNA) are reported as indeterminate, and 10-15% as inadequate for diagnosis. Furthermore, knowing
there are 37,000 new thyroid cancers diagnosed as well as 350,000 FNAs performed annually, by extrapolation,
there are up to 140,000 patients a year who present in the United States with indeterminate thyroid neoplasms
(http://www.cancer.org). Because the clinician and surgeon cannot determine malignancy pre- or intra-
operatively, patients with indeterminate thyroid lesions on FNA cannot be optimally clinically managed.
Therefore, additional diagnostic markers of malignancy are greatly needed.

Methods and Results: To address this problem we have analyzed by microarray analysis 94 thyroid tumors, 50
of which were benign (13 adenomatoid nodules, 13 follicular adenomas, 13 Hiirthle cell adenomas and 11
lymphocytic thyroiditis nodules) and 44 malignant (13 papillary thyroid carcinomas, 13 follicular variant
papillary thyroid carcinomas, 13 follicular carcinomas and 5 Hiirthle cell carcinomas)[1]. Of 15,745 genes
included in the analysis, 33 were significantly overexpressed and 42 underexpressed in malignant versus benign
tumors. Prediction and cross-validation models suggested that the genetic analysis was 73% sensitive and 82%
specific for the prediction of malignancy; the positive predictive value was 78%. Validation of 12 of the
differentially expressed genes was carried out by real-time reverse transcription polymerase chain reaction;
validated genes included HMGA2, PLAGI, SPOCKI, CEACAM6, LRRK2, RAG2 and AGTRI.

Future Plans: We have begun to examine protein expression of the above-listed genes in thyroid tumors and
thyroid FNA samples by immunohistochemistry and immunocytochemisrty, respectively and have documented
differentiating expression levels between benign and malignant tumors for several of these markers. We
anticipate developing a diagnostic panel to be useful in the differential diagnosis of indeterminate or suspicious
thyroid nodules and, by so doing, help solve a clinical problem that 100,000 patients in the United States face
annually.

Reference: 1. Prasad NB, S.H., Tufano RP, Dackiw APB, Marohn MR, Califano JA, Wang Y, Westra WH,
Clark CP, Umbricht CB, Libutti SK, Zeiger, MA, Identification of Genes Differentially Expressed in Benign
Versus Malignant Thyroid Tumors. Clin Cancer Res, 2008. 14(11): p. 3327-3337.
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098 Preservation of Sample Integrity in Biobanked Samples Using a Frozen
Sample Aliquotter

John Slusarz', Helena Judge Ellis®, Gary Bradwin*, Vincent Chun® Nader Rifai*, Dale N. Larson'*?

"Harvard Medical School; 2Charles Stark Draper Laboratory; 3Brown University; Children’s Hospital Boston;
4Crpotract Instruments, LLC

Biological repositories represent valuable resources for basic and translational research and there are many large
repositories, funded with government and private funds, and an even greater number of small and medium
repositories. A key objective of these repositories is to make biological samples available to support and enable
research on biomarkers, nutrition, functional genomics and many other avenues of research. It is imperative that
the quality of the biological specimens be maintained or the research conducted using them will be
compromised. A critical problem faced by repositories is the degradation of the RNA and some proteins in the
samples due to freeze thaw cycling.

We have developed an automated instrument that extracts 100ul aliquots of serum from a 1.8ml cryovial
without thawing the serum. The technology is also applicable to a variety of other frozen specimens, including:
whole blood, cells, compounds in DMSO and urine.

We have demonstrated proof of principle for this technology in the areas of volumetric accuracy and
repeatability, the ability to clean the needle between samples to prevent cross contamination, the ability to
maintain the specimens below -70C and prevent the buildup of frost on the sample surface for several hours,
automatically recognize previously cored regions of the tube, and the ability to maintain the biochemical
composition of the sample. We are currently working on the next generation of the prototype that will be
deployed in the biobank at Brown University for extensive testing.

We have transitioned from the R21 work at Harvard Medical School to a startup company, CryoXtract
Instruments, LLC who will develop products based on this technology to support translational research by
improving the fidelity of the specimens provided by repositories and increasing their productivity in delivering
those specimens through automation

Keywords: biorepository, biomarkers, automation
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099 A New Platform of Much Higher Throughput Proteomics for Biomarker
Discovery and Validation

Richard D. Smith, Mike Belov, Keqi Tang, Gordon Anderson, Erin Baker

Biological Sciences Division, Pacific Northwest National Laboratory

Current proteomics analysis rates, costs, etc. are broadly inadequate for characterizing significantly large
numbers of samples required for biomarker discovery and/or validation. We are presently developing a new
platform that will provide greatly improved measurement throughput, sensitivity, robustness, and quantitative
capability for cancer biomarker discovery, verification, and pre-clinical validation. A major analytical challenge
we are addressing in this work is to achieve higher analysis throughput with a concurrent increase in sensitivity
and dynamic range of measurements to allow detection and quantitation of lower abundance peptides and
proteins from biological fluids.

The new proteomics platform encompasses fast capillary LC separation coupled to an ion mobility spectrometer
(IMS) which is interfaced to a time-of-flight mass spectrometer (TOFMS). To increase instrument sensitivity,
we have developed a novel IMS multiplexing approach. The total duration of initial proteomics analyses is ~15
min. The initial evaluation of LC-IMS-TOFMS system was performed using human blood plasma samples
depleted of the 12 most abundant proteins spiked with peptides of known concentration, and showed a
significant improvement in the sensitivity of measurements compared to conventional commercial platforms, in
addition to much higher throughput. (Related instrumental advances are also being implemented in conjunction
with a triple quadrupole MS for MRM based directed validation of selected candidate biomarkers with even
greater sensitivity.)

We anticipate that the development of the new platform will enable the throughput needed for much more
effective biomarker discovery efforts based upon the much greater numbers of samples that can be studied, and
the better accounting of biological variation.

Keywords: mass spectrometry, high throughput, biomarker discovery
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1 00 Discovery and Validation of Cancer Biomarkers Using Integrated
Technology Platforms

Richard C. Zangar

Biological Sciences Division, Pacific Northwest National Laboratory

We are developing and applying a comprehensive set of technologies designed to accelerate the rate of
discovery and validation of cancer biomarkers. For discovery, we are using the accurate mass tag (AMT)
proteomics approach. For pre-clinical validation, we are using a cell-free expression system to generate
antigens, a combination of traditional antibody production and yeast display of single-chain antibodies (scFv),
and a sandwich ELISA microarray platform. This ELISA microarray platform is designed for the high-
throughput, quantitative analysis of biomarker panels.

We conducted a proteomics analysis of 80 plasma samples from women with early-stage ductal or lobular
cancer, or controls that were matched based on age, menopausal status and body mass index. In order to
increase confidence in the resulting protein hits, our proteomics data were compared with a meta-analysis of
published microarray gene expression data. The combined data analysis identified a number of proteins that are
significantly altered in both the blood and tissue of breast cancer patients. Many of these proteins (e.g., [IGFBP-
3 and alpha-1-antitrypsin) are established biomarkers of breast cancer. The novel candidate biomarkers are
enriched in secreted proteins, type I and II membrane proteins, and proteins we previously identified in nipple
aspirate fluid, which is a concentrated source of proteins secreted by the breast.

We evaluated the cell-free protein expression system for generating 12 proteins that are candidate biomarkers
for prostate cancer. These proteins did not express in E. coli or were expressed as insoluble inclusion bodies. In
the cell-free system, all 12 proteins were expressed as soluble GST-tagged proteins.

We generated scFv antibodies against prostate specific antigen (PSA) using yeast display. We identified two
scFv that worked as a sandwich pair and that had Kd values of ~1 nM. In the ELISA microarray platform, this
scFv pair had a lower limit of detection of ~5 pg/ml. The scFv reagents also had low non-specific protein
binding that was similar to [gGs. Comparison of PSA levels in human plasma using the microarray scFv and a
commercial 96-well immunoassay gave data that were strongly correlated (R*=0.95).

For the ELISA microarray, we have developed a prototype chip using commercial reagents for 24 candidate
biomarkers in human blood plasma. This chip was used to evaluate plasma from women with either ER+/Her2-
or Her2+/ER- breast cancer, and age-matched controls. This analysis identified five circulating proteins that
were statistically different in at least one of breast cancer subtypes. We are currently developing our next-
generation ELISA microarray chip to validate candidate biomarkers identified from the proteomics analysis and
other sources.

Keywords: biomarkers, breast cancer, ELISA microarray
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1 01 Risk Assessment for Prostate Cancer Detection

Donna P. Ankerst, Chi C, Goodman PJ, Tangen CM, Lucia MS, Zeng Z, Parnes HL, Coltman CA,
Thompson IM

University of Texas Health Sciences Center

Currently, 75% of men over age 50 have undergone PSA testing for early diagnosis of prostate cancer. PSA has
been used along with digital rectal examination (DRE) as dichotomous tests, with biopsy recommended for PSA
> 4.0 ng/mL or abnormal DRE. We examined in the Prostate Cancer Prevention Trial (PCPT) the individual
contribution of race/ethnicity, PSA, DRE, age, family history of prostate cancer, PSA kinetics, and history of a
prior negative prostate biopsy in 5519 men in whom all had undergone prostate biopsy at a range of PSA values.

All variables except for PSA kinetics independently predicting risk of prostate cancer and have been
incorporated into an on-line risk calculator (found at:
http://deb.uthscsa.edu/URORiskCalc/Pages/uroriskcalc.jsp). This calculator has been validated in three
additional cohorts (two national and one regional with a high concentration of Hispanic men). The calculator's
results demonstrates that PSA and DRE cannot be used independently as dichotomous prompts for prostate
biopsy as doing so may overdetect low risk disease in young men and may delay detection of aggressive cancer
in some men until cure is no longer possible.

Through Bayesian methodologies, we have now updated the calculator to include other markers, the first of
which is PCA3. Additional markers planned through the EDRN include proPSA as well as BMI.

Keywords: screening, prostate cancer, PSA
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Tumor Microenvironment Based Prediction in Prostate Cancer

Gustavo Ayala, Rile Li, Thomas Wheeler, Michael Ittman, David Rowley

Baylor College of Medicine

Extensive scientific literature data points to
reciprocal interactions between prostate
stromal cells and prostate cancer (PCa) cells.
We have defined reactive stroma in prostate
cancer both functionally and biologically. To
investigate if these intratumoral reactive
stromal cells in human PCa are predictive of
survival, reactive tumor stroma volume was
quantitated on TMAs. The relative volume of
intratumor stroma (5% stroma=grade 0; 5 to
15%=1;15% to 50%=2; > 50%=3) was
quantitated and analyzed. Tumors with no
stroma (RSG 0) and large amounts of reactive
stroma (RSG 3) were associated with adverse
prognosis, independent of other biomarkers
used today. Subsequently reactive stroma was
then analyzed on H&E sections of the radical
prostatectomies specimens (869 patients). The
percentage of the tumor composed of RSG 0/3
was quantified and analyzed. Results show is
an independent predictor of biochemical
survival even as a continuous variable
(p=0.000, HR=1.124). Finally 224 cases of
prostatic needle biopsies diagnosed as
prostatic carcinoma from 1988 to 1998 were
used to quantify stroma on H&E stains. By
Cox proportional hazard analysis, RSG was an
independent predictor of recurrence (Hazard
Ratio, 1.953; P=0.0174) in the overall
population. In the Gleason 7 subset it
displaces 3+4 vs. 4+3 from the model.

To identify interactions between stromal
elements in the Prediction of PCa we tested a
multivariate model with interaction that
showed how PNI diameter adds predictive
information to RSG and whether these can be
used coordinately for better prediction even in
the presence of all other currently used
clinico-pathologic parameters. This is proof of
concept that stromal microenvironment
elements not only have biologic interactions,
as demonstrated biologically between nerves
and stroma, but that this biologic interaction
also translates into the predictive realm
(p=0.0062). PNI diameter adds predictive
information to RSG and can be used in
combination, particularly in prostatectomies.
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Figure 1A: Survival curves of TMEN prediction combination
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This is demonstrated in survival curves that combine the predictive power of tumor microenvironment elements
in Pca (Fig 1A).

Based on the biochemical recurrence-free survival models described above, we developed a preoperative and
postoperative nomogram and an electronic calculator for the risk of biochemical recurrence, based on the usual
clinical/pathological parameters such as Preoperative PSA, Lymph node status, Margins, ECE, SVI, and
Gleason Grade, including RSG. We have produced 2 nomogram models demonstrating that RSG grading
provides significant and different information that carries similar weight to Gleason grading, both in the pre (Fig
1B) and postoperative (Fig. 1C) scenarios. Input of the required values into a user-friendly program screen
displays a probability of staying biochemical recurrence free at 2 and 5-year marks. The calculator is presented
in the form of an Access program.

This is the first study to demonstrate that non-epithelial reactive stroma elements in prostate cancer tumors can
be used as prognostic indicators. This data also adds to the concept that tumors are not purely epithelial and the
epigenetic tumoral and host events must be considered an important biological component of the cancer.

Keywords: prostate cancer, reactive stroma, perineural invasion
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1 03 Molecular Effects of Nutritional Supplements on the Prostate
Microenvironment

June M. Chan, Vivian Weinberg, Mark Magbanua, Scot Federman, Katsuto Shinohara, Jeffry Simko,
Christopher Haqq, Peter R. Carroll

(Drs. Haqq and Carroll share senior authorship on this study)

Departments of Urology, Epidemiology and Biostatistics, and the University of California San Francisco Helen Diller
Family Comprehensive Cancer Center at the University of California San Francisco

Background: Observational epidemiologic and laboratory data have indicated that tomatoes (rich in the
antioxidant lycopene) and fish oil (rich in omega-3 fatty acids) may deter prostate cancer incidence. There has
been extremely limited data focused on the possible roles of these nutrients after diagnosis. Examining changes
in the prostate tissue from men on active surveillance regimens provides a unique opportunity to study the
natural progression of prostate cancer in vivo.

Design and Methods: We conducted a randomized blinded placebo-controlled clinical trial of tomato extract
and fish oil in men with low-burden prostate cancer, who elected active surveillance as their primary
management strategy. Men received a placebo, 3g of fish oil supplement, or a tomato extract supplement
containing 30 mg lycopene for 3 months. Our main outcome was change in expression in genes of interest (e.g.
in the /GF-I and COX2 pathways) based on biopsies taken pre- and post-intervention, using cDNA expression
array analyses.

Results: Ninety-five men were randomized in this study, but 11 became ineligible due to non-compliance,
disease progression, or voluntary withdrawal. 84 participants who completed the intervention were eligible for
final analyses. Analysis of the baseline data indicates the similarity in gene expression profiles across treatment
arms. We remain blinded and statistical analyses are ongoing for our primary outcomes.

Conclusions: At this stage, this trial indicates the feasibility of enrolling and conducting translational nutritional
intervention research in men electing active surveillance for prostate cancer. Analyses of our primary aims are
anticipated to be ready by the end of summer 2008.

Keywords: prostate cancer, fish oil, tomato
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104  Prostate Cancer Metabolomics

Leo Cheng

Massachusetts General Hospital

Currently, genomics evaluates thousands of genes simultaneously and correlates their genomic profiles, instead
of the expressions of single genes, with a particular disease condition. In parallel, all the metabolite processes
(pathways), or metabolomics, in a biological system are also interconnected and should be evaluated
simultaneously. The alterations of the overall metabolomic profiles are more sensitive and specific to a
particular physiological and/or pathological condition than the changes in any single metabolite. Disease
metabolomic profile(s) can be defined ex vivo by principle component analysis of MRS measurements from
diseased specimens. In vivo disease detection may then be achieved by constructing the defined profiles with
metabolite parameters measured by in vivo MRS (CSI), and mapping the resulting values for all the voxels on
an anatomic image to detect and reflect degrees of disease involvements in the anatomy.

Five prostates from cancer patient prostatectomies were removed, kept on ice, and analyzed within two hours for
this study. Two- and three-dimensional CSI analyses were conducted at room temperature, on a 7.0 T scanner.
Afterwards specimens were fixed for histological evaluation. Metabolite intensities (n=36) from CSI data for
each voxel were processed individually, and used to construct prostate cancer specific metabolomic profiles
based on the published PCA results (Cancer Res. 2005;65:3030-3034). The values of the calculated PCs for each
voxel were used as indices in the color-map to determine the color and displayed transparently on an overlay of
the anatomic image. The final metabolomic image is the anatomic map of the organ with the voxel grid
overlaid—each voxel’s color indicates that voxel’s status on the cancer-index.

Results are summarized below. Metabolomic images, not images of a single or a few metabolites, present high
intensities of cancer specific profiles in or around the regions where tumors are identified by histopathology.
This observation is clinically significant for there is still no single test that can detect the locations of cancer
even in a removed prostate before histopathology. However, when analyzing corresponding cancer indices
between histology and metabolomic images for individual voxels, the correlation is non-linear. This can be
caused by many reasons, such as intrinsic differences in experimental conditions between cancer profile
determination and this pilot study; magnetic susceptibility effects at the surface of the specimens and out-of-
voxel spectral contributions; and, the fixation of the specimens causes anatomic alteration that affects co-
registrations.

Keywords: metabolomic profile, magnetic resonance, spectroscopy and Imaging
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105 EPS Markers in the Early Detection of Prostate Cancer

Jarrod P. Clark, Kristofer W. Munson, Katarzyna Lamparska-Kupsik, Jessie W. Gu, Ziding Feng,
Kevin G. Chan, Jeffrey S. Yoshida, Mark H. Kawachi, Laura E. Crocitto, Timothy G. Wilson, Steven 8S.
Smith

Department of Urology and Urologic Oncology, City of Hope, and Biostatistics Program, Fred Hutchinson Cancer
Research Center

Expressed Prostatic Secretion (EPS) is obtained by milking the urethra following prostatic massage. Prostate
cells released into EPS during prostatic massage are easily collected and analyzed. Our long-term goal is to
exploit EPS as a noninvasive specimen in the diagnosis of prostate cancer. Our approach is to evaluate the
relative performance of promising biomarkers in the prediction of prostate biopsy outcome.

Three types of biomarker have been compared: 1.) Hypermethylation of promoters represented by the APC,
RARB, RASSFIA and GSTPI gene panel; 2.) Expression of prostate cancer specific gene fusions represented by
the expression of Type III and Type VI TMPRSS2:ERG fusion RNAs; and 3.) Over-expression specific genes in
prostate cancer cells represented by the over-expression PCA3°P* RNA. Quantitative PCR analyses developed
for each biomarker employed the TagMan®™ QPCR methodology referenced to linearized plasmid DNAs
containing cloned representatives of the respective PCR target sequence.

Expressed prostatic secretion (EPS) was collected under an IRB-approved, blinded, prospective study from 74
patients undergoing trans-rectal ultrasound-guided biopsy for prostate cancer. The characteristic performance of
each test in predicting biopsy outcome and distinguishing between high and low Gleason’s Scores was
compared. Logistic regression was used to analyze the effects of multiple biomarkers in linear combinations.

Each test improved characteristic performance over baseline DRE + Serum PSA, however, the test for Type 111
and Type VI TMPRSS2:ERG fusions yielded the best performance in predicting biopsy outcome (AUC=0.823
with a 95% CI [0.728-0.919]) and Gleason’s grade>7 (AUC=0.844 with a 95% CI [0.740-0.948]). At 90%
sensitivity, its NPV in predicting biopsy outcome was 0.810 with a 95% CI [0.612-0.898] and 0.820 with a 95%
CI [0.553-0.907] for Gleason’s Sum greater than 7.

Conclusions: 1.) While each test was shown to have diagnostic value, PSA + DRE + Type III and Type VI
TMPRSS:ERG provided the best diagnostic performance in EPS specimens. 2.) EPS appears to be a valuable
noninvasively-obtained specimen for prostate cancer diagnosis.

Keywords: expressed prostatic secretion (eps), biomarker performance, prediction of prostate biopsy
outcome
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1 06 A Fluorescence In situ Hybridization Screen for E26 Transformation-
Specific Aberrations: Identification of DDX5-ETV4 Fusion Protein in
Prostate Cancer

Bo Han, Rohit Mehra, Saravana M. Dhanasekaran, Jindan Yu, Anjana Menon, Robert J. Lonigro,
Xiaosong Wang, Yusong Gong, Lei Wang, Sunita Shankar, Bharathi Laxman, Rajal B. Shah,
Sooryanarayana Varambally, Nallasivam Palanisamy, Scott A. Tomlins, Chandan Kumar-Sinha, Arul
M. Chinnaiyan

University of Michigan Specialized Program of Research Excellence (SPORE) in Prostate Cancer, University of

Michigan
Recurrent gene fusions involving E26 transformation-specific (ETS) transcription factors ERG, ETVI, ETV4, or
ETV5 have been identified in 40% to 70% of prostate cancers. Here, we used a comprehensive fluorescence in
situ hybridization (FISH) split probe strategy interrogating all 27 ETS family members and their five known 5’
fusion partners in a cohort of 100 clinically localized prostate cancer patients. Gene rearrangements were only
identified in ETS genes that were previously implicated in prostate cancer gene fusions including ERG, ETV1,
and ETV4 (43%, 5%, and 5%, respectively), suggesting that a substantial fraction of prostate cancers (estimated
at 30-60%) cannot be attributed to an ETS gene fusion. Among the known 5’ gene fusion partners, TMPRSS?2
was rearranged in 47% of cases followed by SLC4543, HNRPA2BI, and C150RF21 in 2%, 1%, and 1% of cases
respectively. Based on this comprehensive FISH screen, we have made four noteworthy observations. First, by
screening the entire ETS transcription factor family for rearrangements, we found that a large fraction of
prostate cancers (44%) cannot be ascribed to an ETS gene fusion an observation which will stimulate research
into identifying recurrent non-ETS aberrations in prostate cancers. Second, we identified SLC45A43 as a novel
5’fusion partner of ERG; previously, TMPRSS2 was the only described 5° partner of ERG. Third, we identified
two prostate-specific, androgen-induced genes, FLJ35294 and CANTI, as 5’ partners to ETVI and ETV4.
Fourth, we identified a ubiquitously expressed, androgen-insensitive gene, DDX5, fused in frame with ETV4,
leading to the expression of a DDX5-ETV4 fusion protein.

Keywords: gene fusion, prostate cancer, fusion protein
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107 Tea Polyphenols in Chemoprevention of Prostate Cancer

Susanne M. Henning*, Piwen Wang®*, William Aronson**, Min Huang***, David Heber*

*Center for Human Nutrition and **Department of Urology, David Geffen School of Medicine, University of California
Los Angeles and ***Department of Pathology, West Los Angeles VA Medical Center

The anticarcinogenic potential of green (GT) and black tea (BT) has been demonstrated in many animal and in
vitro cell culture studies. The major tea polyphenols of green tea are (-)-epigallocatechin gallate (EGCG) and
(-)-epigallocatechin (EGC), whereas black tea contains smaller amounts of these polyphenols but contains larger
polymeric flavonoids such as theaflavins and thearubigins. It has been demonstrated that GT and BT
polyphenols inhibit cell growth through a variety of mechanisms such as antioxidant activity, alteration of
redox-sensitive signal transduction pathways (nuclear factor kappa B, activator protein 1, mitogen-activated
protein kinase) and inhibition of insulin-like growth factor (IGF-1) leading to the inhibition of proliferation,
induction of apoptosis, cell cycle arrest as well as inhibition of angiogenesis. However most cell culture and
animal studies have been performed with higher concentrations than achievable in humans. It is not clear
whether effects observed in animal and cell culture studies can be applied to human studies. Therefore we are
performing a phase II clinical intervention trial to investigate whether the consumption of 6 cups of GT or BT
for 3-6 weeks prior to prostatectomy will decrease oxidative stress, alter signaling pathways leading to an
inhibition of proliferation and increase of apoptosis in the prostate. Since in vivo polyphenols and theaflavins
are subject to extensive endogenous and colonic metabolism we propose that metabolites contribute to the
chemopreventive effect of GT and BT. Currently 23 participants have been enrolled. Using high performance
liquid chromatography (HPLC) with coularray electrochemical detection as well as mass spectrometry (MS)
EGC, EC and 4’-MeEGC were found in urine after GT consumption (0.8-2.3 ug/mL) and BT consumption (11-
31 ng/mL). The majority was in glucuronidated form. After GT consumption EGC, EC, 4’-MeEGC, EGCQG, 4’-
MeEGCG and ECG were found in serum. EGC, EC and 4’-MeEGC were conjugated as glucuronide and small
amount of sulfate, whereas EGCG, 4’-MeEGCG and ECG were mainly in the free form. Following GT and BT
consumption urinary hippuric acid was increased. No theaflavins were found in urine or serum. EGCG was
found in prostate tissue. No tea polyphenols were found in control participants. An interim analysis of
immunohistochemical data on oxidative DNA damage, cellular proliferation, and apoptosis will be evaluated
after 60 participants are enrolled. In vitro studies comparing the stability of methylated metabolite to parent
compound demonstrated that methyl-EGC was stable at pH 7. Cell culture studies are being conducted to
compare the effect on proliferation, apoptosis and NFkB DNA binding of metabolites to parent compounds.
This phase II clinical trial will assist in the translation of in vitro and animal research to human application.

Keywords: green and black tea, prostate cancer, Phase Il intervention trial
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1 08 A First Generation Multiplex Biomarker Analysis of Urine for the Early
Detection of Prostate Cancer

Bharathi Laxman, David S. Morris, Jianjun Yu, Javed Siddiqui, Jia Cao, Rohit Mehra, Robert J.
Lonigro, Alex Tsodikov, John T. Wei, Scott A. Tomlins, Arul M. Chinnaiyan

EDRN Biomarker Development Lab, University of Michigan

Although prostate-specific antigen (PSA) serum level is currently the standard of care for prostate cancer
screening in the United States, it lacks ideal specificity and additional biomarkers are needed to supplement or
potentially replace serum PSA testing. Emerging evidence suggests that monitoring the noncoding RNA
transcript PCA3 in urine may be useful in detecting prostate cancer in patients with elevated PSA levels. Here,
we show that a multiplex panel of urine transcripts outperforms PCA3 transcript alone for the detection of
prostate cancer. We measured the expression of seven putative prostate cancer biomarkers, including PCA3, in
sedimented urine using quantitative PCR on a cohort of 234 patients presenting for biopsy or radical
prostatectomy. By univariate analysis, we found that increased GOLPH?2, SPINK 1, and PCA3 transcript
expression and TMPRSS2: ERG fusion status were significant predictors of prostate cancer. Multi-variate
regression analysis showed that a multiplexed model, including these biomarkers, outperformed serum PSA or
PCA3 alone in detecting prostate cancer. The area under the receiver-operating characteristic curve was 0.758
for the multiplexed model versus 0.662 for PCA3 alone (p = 0.003). The sensitivity and specificity for the
multiplexed model were 65.9% and 76.0%, respectively, and the positive and negative predictive values were
79.8% and 60.8%, respectively. Taken together, these results provide the framework for the development of
highly optimized, multiplex urine biomarker tests for more accurate detection of prostate cancer.

Keywords: prostate cancer, urine, biomarker
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109 Methylation Pattern of Multiple Genes in Urine Sediment DNA From
Bladder Cancer Cases and Controls by Quantitative Methylation
Specific PCR (QMSP)

Hoque MO, Begum S, Topaloglu O, Chatterjee A, Rosenbaum E, Van Criekinge W, Westra WH,
Schoenberg M, Zahurak M, Goodman SN, Sidransky D

Johns Hopkins University

Background: The noninvasive identification of bladder tumors may improve disease control and prevent
disease progression. Promoter methylation (i.e., hypermethylation) is now recognized as an important and
common epigenetic pathway of gene inactivation. Because bladder cancer cells and DNA are shed into the
urine, we sought to test the value of a quantitative methylation assay in urine sediment in patients suspected or
harboring bladder cancer. Methods: A quantitative fluorogenic real-time polymerase chain reaction (PCR)
assay was used to examine primary tumor DNA and urine sediment DNA from 15 patients with bladder cancer
and 25 control subjects for promoter hypermethylation of nine genes (4PC, ARF, CDHI, GSTPI1, MGMT,
CDKN2A, RAR-B2, RASSF1A, and TIMP3) to identify potential biomarkers for bladder cancer. We then used
these markers to examine urine sediment DNA samples from an additional 160 patients with bladder cancers of
various stages and grades and from an additional 69 age-matched control subjects. Data were analyzed on the
basis of a prediction model and were internally validated using a jacknife procedure. All statistical tests were
two-sided. Result: For all 15 patients with paired DNA samples, the promoter methylation pattern in urine
matched that in the primary tumors. Four genes displayed 100% specificity. Of the 175 bladder cancer patients,
121 (69%, 95% confidence interval [CI] = 62% to 76%) displayed promoter methylation in at least one of these
genes (CDKN2A, ARF, MGMT, and GSTP1), whereas all control subjects were negative for such methylation
(100% specificity, 95% CI =96% to 100%). A logistic prediction model using the methylation levels of all
remaining five genes was developed and internally validated for subjects who were negative on the four-gene
panel. This combined, two-stage predictor produced an internally validated ROC curve with an overall
sensitivity of 82% (95% CI =75 % to 87%) and specificity of 96% (95% CI = 90% to 99%). Using an optimal
cutoff value, we found that the risk of death was statistically significantly higher in patients with higher 7/MP-3
and ARF methylation (HR 1.99, 95% CI 1.12 to 3.27, p=0.01 and HR 1.66, 95% CI 1.00 to 2.76, p = 0.05,
respectively) than in patients without/lower TIMP3 and ARF methylation in urine. A significant correlation was
also seen between the risk of death and stage 3 tumor (HR 2.73, 95% CI 1.58 to 4.72, p = 0.003) and metastasis
(HR 3.32,95% CI 1.98 to 5.57, p = 0.0001). Multivariate analysis subsequently revealed that TIMP-3
methylation was an independent prognostic factor for bladder cancer survival with stage and metastasis (p =
0.001 and 0.02, respectively).Conclusion: Testing a small panel of genes with the QMSP assay in urine
sediment DNA represents a powerful noninvasive approach for the detection of bladder cancer on a high
throughput-automated platform. 7/MP-3 promoter methylation could be a clinically applicable marker for
bladder cancer progression. Larger cohorts with longitudinal follow up will be required in future studies to
define the impact of this technology on early detection, prognosis and disease monitoring.

Keywords: bladder cancer, methylation, urine
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1 10 A Tissue Biomarker Panel Predicting Systemic Progression after PSA
Recurrence Post-Definitive Prostate Cancer Therapy

Robert B. Jenkins', Thomas M. Kollmeyer', Bruce W. Morlan?, S. Keith Anderson?, Eric J. Bergstralh?,
Brian J. Davis®, Yan W. Asmann?, George G. Klee', Karla V. Ballman? Donald Tindall*

Departments of 1Laboratory Medicine and Pathology, Health Sciences Research, *Radiation Oncology and
4Urology Research, Mayo Clinic

Background: Many men develop a rising PSA after initial therapy for prostate cancer. While some of these men
will develop a local or metastatic recurrence that warrants further therapy, others will have no evidence of
disease progression. We hypothesized that an expression biomarker panel can predict which men with a rising
PSA would benefit from further therapy.

Methodology/Principal Findings: A case-control design was used to test the association of gene expression
with outcome. Systemic (SYS) progression cases were men post-prostatectomy who developed systemic
progression within 5 years after PSA recurrence. PSA progression controls were matched men post-
prostatectomy with PSA recurrence but no evidence of clinical progression within 5 years. Using expression
arrays optimized for paraffin-embedded tissue RNA, 1021 cancer-related genes were evaluated — including 570
genes implicated in prostate cancer progression. Genes from 8 previously reported marker panels were included.
A systemic progression model containing 17 genes was developed. This model generated an AUC of 0.88 (95%
CI: 0.84-0.92). Similar AUCs were generated using 3 previously reported panels. In secondary analyses, the
model predicted the endpoints of prostate cancer death (in SYS cases) and systemic progression beyond 5 years
(in PSA controls) with hazard ratios 2.5 and 4.7, respectively (log-rank p-values of 0.0007 and 0.0005). Genes
mapped to 8q24 were significantly enriched in the model.

Conclusions/Significance: Specific gene expression patterns are significantly associated with systemic
progression after PSA recurrence. The measurement of gene expression pattern may be useful for determining
which men may benefit from additional therapy after PSA recurrence. Such biomarker panels should be
included in future clinical intervention trials in men with high-risk prostate cancer.

Keywords: biomarkers, prostate cancer, systemic progression
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1 1 1 Soluble ErbB3 Levels in Bone Marrow and Plasma of Men With Prostate
Cancer

Sue-Hwa Lin, Yu-Chen Lee, Michel B. Choueiri, Sijin Wen, Paul Mathew, Xiangcang Ye, Kim-Anh Do,
Nora M. Navone, Jeri Kim, Shi-Ming Tu, Christopher J. Logothetis

Departments of Molecular Pathology, Genitourinary Medical Oncology, and Biostatistics and Applied Mathematics,
The University of Texas M. D. Anderson Cancer Center

Prostate cancer has a propensity to metastasize to bone and tends to induce osteoblastic rather than osteolytic
lesions. We have previously identified a soluble form of ErbB3, p45-sErbB3, in bone marrow supernatant from
men with bone metastasis from prostate cancer. We subsequently showed that p45-sErbB3 has bone-forming
activity (Lin et al. Oncogene 2008, in press). In this study, we sought to understand the clinical implications of
the presence of soluble forms of ErbB3 (sErbB3) by establishing an enzyme-linked immunosorbent assay
(ELISA) to detect sErbB3 levels in bone marrow and plasma samples from men with or without prostate cancer.

ELISA were performed on marrow samples from 108 men (34 with androgen-dependent [AD] disease, 30 with
androgen-independent disease but negative bone scan [AIl/BS-], and 44 with Al disease and positive bone scan
[AI/BS+]); sequential marrow from 5 men during treatment; plasma from 52 men before and after one course of
docetaxel treatment; and plasma from 95 men aged 70 or more with no evidence of prostate cancer.

A subset of men with clinically detectable bone metastasis has high sErbB3 levels. Within the AI/BS- group,
men with higher sErbB3 levels seemed to have lower rates of bone metastasis. Similarly, in the AI/BS+ group,
clinically detectable bone metastases took longer to appear in men with higher sErbB3 levels (median, 82
months) than in men with lower sErbB3 levels (median, 41 months). However, high levels of sErbB3 did not
seem to confer a survival benefit after the development of metastasis. Among men with metastatic progression
in bone, one docetaxel cycle treatment reduced plasma sErbB3 (P < 0.0001) but did not affect bone-specific AP
(P =0.206) or PSA (P =0.906). sErbB3 is also detected in plasma from men with no evidence of prostate
cancer.

The apparent correlation between higher sErbB3 levels and longer time to bone metastasis suggests that sErbB3
may participate in the progression of prostate cancer in bone.

Reference: Lin et al. Clin Cancer Res. 2008 14:3729-36.

Keywords: prostate cancer, bone metastasis, androgen-independent prostate cancer, bone marrow

112 FOR INTERNAL USE ONLY



Biospecimens: Biomarkers for Prostate & Bladder Cancers

1 12 Identifying Multiplex Expressed Gene Targets for Prostate Cancer
Detection and Establishing a Prospective, Multi-center Case-Control
Repository for their Validation at the Harvard-Michigan EDRN-CEVC

Bin Lu, Manoj Bhasin, John T. Wei, Bueti G, Towia Libermann, Glenn Bubley, Steven Balk, Javed
Siddiqui, Bharathi Laxman, Arul Chinnayian, David Rickman, Douglas S. Scherr, Mark A. Rubin,
Martin G. Sanda

Departments of Surgery-Urology and Medicine, Beth Israel Deaconess Medical Center; Departments of Pathology

and Urology, Cornell University School of Medicine; Departments of Pathology and Urology, University of Michigan
Medical Center

Objective: We sought to identify expressed gene target candidates for early detection of prostate cancer, and to
establish a case/control cohort repository that would provide a platform to validate these targets and
subsequently serve as a NCI-wide resource for validation studies of biomarkers identified by others.
Methods/Results: Using the Affymetrix U133 array (Plus 2.0) to evaluate our radical prostatectomy tissue
repository, we identified 1474 genes over-expressed in prostate cancer compared to normal prostate. Validation
of these prostate cancer-associated genes by interrogation of publicly available prostate cancer array data
(Lapointe et al, 2004) implicated 195 transcripts with concordant over-expression between the array datasets;
further, 10 of these expressed genes were found to have signal peptide sequences indicating possible secreted
protein products potentially detectable in urine, blood or other body fluids suitable for cancer screening. Next, to
discern from among genes over-expressed in prostate cancer those genes that are NOT expressed at detectable
levels in normal, adult human tissue apart from the prostate we conducted in silico interrogation of the largest
publicly available dataset of gene expression in normal human tissues (Su Al et al, 2004). This combined in
vitro and in silico strategy identified 75 prostate cancer-specific gene candidates for early detection or to target
therapy. We then performed quantitative RT-PCR targeting each of the candidate antigens, and confirmed that
17 of the candidate genes were indeed over-expressed in prostate cancer (compared to normal prostate; P <0.05
for each). Frequency of over-expression in prostate cancer for these antigens ranged from 57 % to 86%. Further,
RT-PCR confirmed over-expression in prostate cancer among 6 of 10 genes (p< 0.05 for each) that included a
signal peptide (indicative of putative protein secretion and detectability in body fluids). While conducting our
transcriptome-wide analyses in vitro and in silico, we concurrently initiated a prospective, multi-center blood
and urine repository that enrolled men with prostate cancer and cancer-free controls from 6 Urology practices in
3 states (Massachusetts, Michigan, and New York). All subjects underwent biopsy to ascertain whether prostate
cancer was present. At time of analysis we have enrolled 1281 men in this repository, with serum, plasma, and
peripheral blood cells collected in multiple aliquots for the entire cohort (n=1281) and ¢cDNA isolated from post-
DRE spun urine cellular fraction procured in 392 subjects. Cohort characteristics are tabulated:

Table 1. Characteristics of the Harvard-Michigan EDRN Prostate Cancer Case/Control Specimen Repository
Age - median (range) Cancer Cases 63 (42-93)
Controls 61 (38-83)
Race Caucasian 88%
Other 12%
Biopsy Result Cancer 41%
No cancer 59%
Cancer Stage T1C 74%
2T2 26%
Cancer Grade Gleason <6 43%
Gleason 27 57%

Conclusion: Our transcriptome-wide in vitro and in silico analyses have identified gene transcripts detectable in
prostate cancer but not in non-prostate tissues. Our prospective case-control cohort provides a platform for
validation of this multiplex signature and for other biomarker validation studies. Funding: NIH U01-CA11391

Keywords: prostate cancer, biomarker, RNA arrays
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1 1 3 Androgen Dependence of Castration-Recurrent Prostate Cancer

James L. Mohler, 7 Gary J. Smith," Elizabeth M. Wilson,*’ Young Whang,*’ Mark A. Titus," Frank
S. French */

Department of Urologic Oncology, Roswell Park Cancer Institute,’ and Department of Urology, University at Buffalo,
State Unlver3|ty of New York,?, and Department of Surgery (Division of Urology) Department of Pedlatrlcs and
Blochemlstry, Department of Medicine, Division of Medlcal Oncology, Department of Pediatrics,’ ‘University of
North Carolina Lineberger Comprehensive Cancer Center,’ University of North Carolina at Chapel Hill

Introduction: An American man dies of prostate cancer (CaP) every 18 minutes. The expression of the
androgen receptor (AR) and AR-regulated genes in CaP that recurs during androgen deprivation therapy (ADT)
suggests a central role for AR in CaP growth despite low to undetectable levels of circulating testicular
androgens.

Methods: The androgen-dependent CWR22 human CaP xenograft, TRAMP model of CaP, and fresh, frozen,
microarrayed, and xenografted clinical samples of androgen-stimulated benign prostate, androgen-stimulated
CaP, and castration-recurrent CaP were used to explore the role of the AR in recurrence of CaP during ADT.

Results: Neither AR gene mutations nor amplification of the AR gene can account for the majority of clinical
cases of castration-recurrent CaP. 34 specimens of castration-recurrent CaP screened using denaturing gradient
gel electrophoresis (DGGE) and direct sequencing identified an AR ligand binding domain mutation, a CAG
repeat deletion and a glycine repeat deletion. AR gene amplification occurred in 8 of 24 patients, was associated
with increased expression of AR, but did not impact survival. Instead, a number of mechanisms appear to
contribute to AR transactivation in response to androgen. AR hypersensitization was first demonstrated using
CaP “androgen-independent” cell lines where AR was transctivated by 10"°M dihydrotestosterone (DHT).
Mechanisms for AR hypersensitization to low levels of circulating androgen include increased levels of
SRC/p160 coactivator expression and AR phosphorylation. The hypersensitive AR responds to intracrine
synthesis of the bioactive androgens testosterone and DHT that may derive from circulating adrenal androgens.
Tissue levels of testosterone were similar in castration-recurrent clinical samples of CaP and androgen-
stimulated benign prostate. DHT levels, although lower, were sufficient to activate wild-type AR in most cases.
To pursue the changes in androgen metabolism necessary to synthesize bioactive androgens from adrenal
androgens, a mass spectrometry method was developed that allows simultaneous measurement of 7 androgens
from small tissue specimens. One such change in androgen metabolism is that 5 alpha-reducing capability
changes from the type 2 enzyme in androgen-stimulated benign prostate to type 1 in androgen-stimulated and
castration-recurrent CaP. However, treatment of patients with castration-recurrent CaP with a 5 alpha-reductase
bispecific inhibitor did not slow tumor progression. The origin of castration-recurrent CaP may be CaP stem
cells that survive in the microenvironment perhaps facilitated by rapid reestablishment of the AR-regulated
prostatic vasculature.

Conclusion: Innovative approaches to prevent intracrine synthesis of bioactive androgens, irreversibly degrade
tissue androgens, degrade the AR, or target the prostatic vascular or stem cell niche may provide new
therapeutic approaches to arrest the growth and progression of castration-recurrent CaP.

Keywords: prostate cancer, castration-recurrent, androgen receptor
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1 1 4 Finasteride Attenuates the Association of Elevated C-Peptide With
Increased Risk of High Grade Prostate Cancer: The Prostate Cancer
Prevention Trial (PCPT)

Marian L Neuhouser', Catherine Tangen', Phyllis Goodman', Alan R. Kristal', Michael Pollak?

' Division of Public Health Sciences, Fred Hutchinson Cancer Research Center; 2 Department of Oncology, McGill
U, Montreal, Canada

Metabolic abnormalities (including hyperinsulinemia) and obesity have been associated with increased cancer
risk and/or worse cancer prognosis in several studies. C-peptide is a biomarker of pancreatic insulin production
and higher levels are suggestive of hyperinsulinemia, which may lead to unfavorable downstream events,
including up-regulation of the pAKT and mTOR pathways within neoplastic cells. Our recent laboratory
research (eg. Association of diet-induced hyperinsulinemia with accelerated growth of prostate cancer
xenografts. J Natl Cancer Inst. 2007 Dec 5; 99:1793-800) suggests a role for insulin in prostate cancer (PCa)
biology. Having documented the presence of insulin receptors on PCa biopsy tissue, we recognized that there are
opportunities for related translational research in both treatment and prevention contexts.

With respect to treatment, Phase I trials of insulin receptor—targeting agents are underway, and other modalities
such as lifestyle modifications or metformin therapy are also being examined as strategies to reduce high insulin
levels that may accelerate proliferation of androgen-independent PCa.

We report here early results in the prevention context, carried using the biorepository of the PCPT. The primary
results of Phase I1I trials provide important evidence about the overall effectiveness of a drug on disease
prevention or treatment with immediate clinical applications, but work with associated biorepositories can
provide additional information concerning cancer biology and also can examine whether there are subgroups of
individuals for whom the investigative drug may be particularly beneficial or harmful. The PCPT was a Phase
111, randomized, double-blinded placebo controlled trial of the drug finasteride for the primary prevention of
PCa. The goal of our research was to investigate whether C-peptide is associated with PCa risk, and in particular
whether the risk differed for men taking finasteride vs. placebo. We used specimens from 1803 prostate cancer
cases and 1797 controls. Case or control status for all participants was determined by sextant biopsy and central
pathology review. C-peptide was assayed by ELISA. Higher vs. lower C-peptide concentrations were associated
with a nearly two-fold increased risk of high-grade PCa (Gleason > 7), but only among men in the PCPT
placebo group. The multivariate high grade PCa cancer odds ratio for the fourth vs. first quartile of C-peptide
was 1.90 (95% CI, 1.2-3.0). These estimates were adjusted for age, race/ethnicity, family history of PCa, use of
insulin, body mass index and smoking. The data imply that hyperinsulinemia increases risk of high grade CaP,
and that finasteride attenuates this risk. If confirmed, these findings have obvious clinical relevance.

Keywords: prostate cancer, finasteride, C-peptide, insulin
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1 1 5 Aurora Kinase A as a Biomarker for the Detection of Bladder Cancer

Hong-Seok Park, Weon S Park, Jolanta Bondaruk, Noriyoshi Tanaka, Hiroshi Katayama, Sangkyou
Lee, Philippe E. Spiess, Jordan R. Steinberg, Zhi Wang, Ruth L. Katz, Colin Dinney, Yair Lotan,
Rizwan C. Naeem, Keith Baggerly, Subrata Sen, H. Barton Grossman, Bogdan Czerniak

Departments of Pathology, Molecular Biology, Urology, Bioinformatics and Complementary Biology, School of
Health Sciences, and Molecular Pathology, The University of Texas M. D. Anderson Cancer Center; Department of
Urology, The University of Texas Southwestern Medical Center at Dallas

Background: Chromosomal missegregation resulting in aneuploidy is a common change in neoplasia, and
genes regulating segregation of chromosomes may be potential cancer detection markers.
Amplification/overexpression of aurora kinase A, a key regulator of mitosis, has been frequently detected in
cancer and the degree of amplification correlates with the degree of aneuploidy.

Methods: We measured the level of aurora kinase A expression in bladder cancer cells and correlated it with the
copy number of three selected chromosomes as well as total nuclear DNA content. The effect of aurora kinase A
on centrosome multiplication and chromosome copy number was measured in vitro using an adenoviral
expression construct. To assess the applicability of this gene as a biomarker for bladder cancer, we tested the
aurora kinase A gene copy number using fluorescence in sifu hybridization (FISH) on exfoliated cells from urine
sediments of bladder cancer patients.

Results: Overexpression of aurora kinase A in urothelial cells induced amplification of centrosomes,
chromosome missegregation, and aneuploidy. Moreover, overexpression of this kinase could be detected in in
situ lesions as well as in urine of patients with bladder cancer. A FISH test for aurora kinase A gene copy
number performed on a blinded validation test consisting of 100 voided urine samples from patients with
bladder cancer and 148 controls detected bladder cancer with specificity 96.6% and sensitivity 87%.

Conclusion: Our findings indicate that overexpressed aurora kinase A can cause aneuploidy in urothelial cells
and is a promising biomarker for detection of bladder cancer.

Keywords: Aurora A, biomarker, detection of bladder cancer
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1 1 6 MDV3100, A Novel Androgen Receptor Antagonist for Castration
Resistant Prostate Cancer (CRPC)

Howard I. Scher', Tomaz Beer?, Celestia Higano®, Christopher Logothetis* Daniel Danila," Julia
Shelkey', Mohammad Hirmand, Michael Morris, Estelle Blanc, Martin Fleisher', Steven M. Larson’,
Charles Sawyers", for the Prostate Cancer Clinical Trials Consortium (PCCTC)

1Genitourinary Oncology Service, Nuclear Medicine Service, Department of Medicine, Department of Clinical
Chemistry and *Human Oncology and Pathogenesis Program, Memorial Sloan-Kettering Cancer Center, New York,
NY; 2Oregon Health Sciences University, Portland, Oregon, 3University of Washington, Seattle, Washington, “M.D.
Anderson Cancer, Center, Houston, Texas, 5Medivation, San Francisco, CA

Background: CRPC is characterized by persistent, high level androgen receptor (AR) expression and remains
AR-dependent in model systems. MDV3100 is a novel small molecule AR antagonist that unlike bicalutamide,
inhibits AR function by imparing nuclear translocation, DNA binding, has no agonist activity when AR is
overexpressed, and induces regressions of established human LNCaP-AR xenografts in a dose dependent
manner. In July 2007, a multi-center first-in-man Phase 1-2 trial was initiated to determine safety,
pharmacokinetics (PK), and antitumor activity including changes in prostate-specific antigen (PSA), bone and
soft tissue metastases, circulating tumor cell (CTC) number (CellSearch™ (Veridex, LLC)) and in selected
patients, fluorodeoxyglucose (FDG) and fluorodihydrotestosterone (FDHT) uptake by positron emission
tomography (PET).

Methods: Pts were administered MDV3100 orally, once daily, starting at 30 mg with sequential escalations in
cohorts of 3 pts. Enrollment was expanded at 60 mg and above once the safety of a dose was established. PK
parameters for the dose-escalation cohorts were estimated using a 2-compartment model. Outcomes were
reported using the Prostate Cancer Working Group Guidelines (JCO 26:1148, 2008).

Results: Accrual through the 240 mg/day dose level has been completed, and is ongoing at 360 mg/day. There
have been no reports of serious adverse events attributable to study drug. PK including Cmax, Ctrough, and
AUC24h are linear and the half-life is approximately one week. At 12 weeks, PSA declines of 90% or greater
were observed in 9% (2/22), 13% (3/23) and 29% (8/28) of patients treated at 60, 150 and 240 mg per day,
respectively, associated with stabilization of disease by imaging. CTC. For the 60 and 150 mg dose levels,
favorable (Fav, 4 or less) and unfavorable (Unfav, 5 or more) counts were noted in 58% (25 of 43) and 42% (18
of 43) of cases. Following treatment, 92% of patients retained Fav counts, while 33% and 56% at 60 and 150 mg
daily, converted from an Unfav to a Fav category. FDG and FDHT PET. Individual lesions are scored as 1,
negative for tumor; 2, probably negative; 3, equivocal; 4, probably positive; and 5, certainly positive, and
SUVmax recorded for lesions scored as 4 or 5. Four patterns were observed for the two tracers: concordant,
glycolysis (FDG) predominant, AR (FDHT) predominant, and mixed, with at least one concordant lesion in all
patients. To date, 8 pts have had FDG and FDHT PET at baseline of whom 4 have had 1 or more follow-up
scans. All 8 had abnormal FDHT accumulation at baseline while 4 of 4 with follow-up scans had no FDHT
accumulation. Decreases in FDG uptake in tumor were also observed. Conclusions: MDV3100 has been well-
tolerated with encouraging anti-tumor activity assessed by: post-therapy PSA declines, imaging, the proportion
of patients who are continuing on treatment, and biomarker changes including CTC, FDG and FDHT PET. The
observed dose-response trends suggest these proportions may increase as higher doses are explored. Accrual is
continuing. A structured Academic-Industry collaboration through the PCCTC can partner to develop promising
therapies rapidly.

Supported by Medivation, Prostate Cancer Foundation, PCCTC and MSKCC SPORE in prostate Cancer.
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1 1 7 The Application of Imaging Mass Spectrometry in the Development of
Biomarkers for Improved Clinical Decision Making in Prostate Cancer

0. John Semmes, Raymond Lance, Dean Troyer, Richard Drake, Lisa Cazares

Virginia Prostate Center, Department of Microbiology and Molecular Cell Biology, Eastern Virginia Medical School

The overall goal of this EDRN-supported Biomarker Discovery Laboratory is the identification of tissue and
fluids biomarkers that can be utilized in the detection and assessment of prostate cancer. The accomplishment of
the guiding clinical goals established by our group requires a tightly integrated research team that spans
expertise in basic, pathology and clinical sciences. This integration is fostered on the local level by the Virginia
Prostate Center an entity populated by GU specialty clinicians, pathologists and basic researchers. The NCI
EDRN provides for a similar integration strategy on the national scale. As an example of one possible model for
the conduct of translational research we present our studies in the application of Imaging Mass Spectrometry to
our efforts at discovery of prostate cancer biomarkers. The specific clinical objectives are to 1) Identify
micrometastatic disease prior to surgical intervention, and, 2) Improve disease staging/grading by identifying
insignificant/significant disease. We will present our core biomarker discovery efforts in the context of required
supporting infrastructure. This model is of particular interest to groups that seek to balance highly technical,
instrumentation-heavy, biomarker discovery approaches with biomarker advancement and near term clinical
impact.

Keywords: prostate cancer, imaging mass spectrometry, biomarker
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1 18 Signaling and Progression in Prostate Cancer

Dan Theodorescu

University of Virginia Charlottesville

Metastatic, hormone independent prostate cancer (CaP) is incurable. The goal of this multidisciplinary Program
Project is to elucidate the signal transduction mechanisms that underlie the stepwise events associated with
progression of CaP from a localized and androgen sensitive tumor to a disseminated and androgen independent
one. The Program brings together productive and experienced investigators with complementary expertise
relevant to the stated goal of the Program and backgrounds in signal transduction (J. T. Parsons, S. J. Parsons,
Weber), nuclear receptor biology (Paschal), bone biology (Guise), human prostate cancer pathology (Frierson),
biostatistics (Conaway) and basic and clinical prostate cancer metastasis research (Theodorescu). In Project 1,
Theodorescu and J. T. Parsons propose to evaluate the roles of VEGF, FAK and Rap in CaP progression and
metastasis to bone; Project 2, S. J. Parsons studies the regulation of neuroendocrine cell growth within advanced
prostate cancers and the impact of such cells on overall tumor dependence on androgen; Project 3, M. Weber
studies Ras-mediated signaling cascades as they affect ligand hypersensitive androgen receptor activity; Project
4, Paschal proposes to study the relationship between androgen receptor activation and the control of its nuclear
localization. This interactive Program relies heavily on synergistic technical and scientific expertise from all
investigators. The productivity of individual Projects is catalyzed by highly interactive Cores led by
Theodorescu (Administrative Core A) which integrates the participation of M. Conaway an expert
biostatistician; Guise (Cell, Animal and Imaging Core B) who has extensive experience in bone histology and
histomorphometry and who is familiar with the biology of prostate cancer and the xenograft models used in
prostate cancer research as well as their in vivo imaging; Frierson, (Tissue Analysis Core C), an expert surgical
pathologist who specializes in CaP. Together, these Projects and Cores integrate diverse skills and expertise to
focus on areas fundamental to our understanding tumor progression in CaP, with the objective of accelerating
progress in developing a cure for this devastating disease.

Keywords: prostate neoplasms, metastasis, signal transduction
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1 19 Tissue Effects of Selenium and Vitamin E in Prostate Cancer

Dimitra Tsavachidou, Timothy J. McDonnell, Sijin Wen, Xuemei Wang, Funda Vakar-Lopez, Louis L.
Pisters, Curtis A. Pettaway, Christopher G. Wood, Kim-Anh Do, Peter F. Thall, Clifton Stephens,
Robert Taylor, David G. Menter, Patricia Troncoso, Scott M. Lippman, Christopher J. Logothetis,
Jeri Kim
Departments of Cancer Biology, Hematopathology, Biostatistics and Applied Math, Systems Biology, Thoracic/Head
and Neck Medical Oncology, Urology, Veterinary Medicine and Surgery, Pathology, and Genitourinary Medical

Oncology, The University of Texas M. D. Anderson Cancer Center; Department of Pathology, University of
Washington; Department of Veterinary Integrative Biosciences, Texas A&M University

In two phase III trials, L-selenomethionine (selenium) and alpha-tocopherol (vitamin E) were shown in
secondary analyses to reduce prostate cancer incidence. In a randomized, placebo-controlled phase IIA study
correlative to the ongoing Selenium and Vitamin E Cancer Prevention Trial (SELECT), we sought to identify
differentially expressed genes and to characterize the effects of selenium and vitamin E in normal epithelium,
stroma, and tumor tissue.

Evaluated were 39 men with prostate cancer who were treated between diagnosis and prostatectomy (not >6
weeks) with SELECT levels of oral selenium (200 pg) and vitamin E (400 mg) daily. Laser-capture
microdissection coupled with microarray was used to study ex vivo prostatectomy biopsy specimens and
validated by real-time polymerase chain reaction. To identify genes that could discriminate between treatments
and/or tumor types, we fit an ANOVA model. Pair-wise comparisons and contrasts were performed to assess
differences between groups. The false-discovery rate (FDR) was estimated using a beta-uniform mixture model.

Normal epithelium, where 2109 genes were differentially expressed, was most affected by selenium (63%);
stroma, where 2051 genes were differentially expressed, was most affected by vitamin E (66%); and tumor
tissue, where 587 genes were differentially expressed, was most affected by the combination (56%) (FDR, 2%).
Overall, we identified gene groups implicated in specific processes and major nodes of interaction in 11
networks and achieved a Spearson’s correlation coefficient of 0.87 in tests of representative genes from each
cell type differentially expressed.

Almost 600 differentially expressed genes were identified in all three tissue types and linked to specific
molecular processes and characterizing networks. Results delineate the cell-type specific and zone-specific
tissue effects of selenium and vitamin E. With these results, this model of tissue interrogation, the first of its
kind, proves its efficiency, its feasibility, and its hypothesis-generating potential.

Keywords: prostate cancer, selenium, vitamin E
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120 Biomarkers and Targeting the Reactive Stroma Microenvironment in
Prostate Cancer Progression

Yang F, Strand D, Barron, D, Schauer |, Ressler S, Dang T, Ayala, G., Ittmann, M., Rowley D.

Baylor College of Medicine

Our previous studies have shown that a reactive stroma initiates immediately adjacent to sites of PIN in early
human prostate cancer genesis and co-evolves with cancer progression. Prostate cancer reactive stroma was
characterized by accumulation of carcinoma-associated fibroblasts (CAFs) and myofibroblasts (MYFs) that
express procollagen type I, fibroblast activation protein (FAP), and tenascin-C with an apparent displacement of
normal smooth muscle. Considerable heterogeneity of reactive stroma grade was observed. Reactive stroma
grade correlated significantly with progression. Patients with reactive stroma grade 3 progressed to biochemical
recurrence after prostatectomy at a significantly higher rate than patients with reactive stroma grade 1 or 2. We
have shown that TGF-P1 is overexpressed early in prostate cancer at some, but not all foci of PIN epithelial
cells. To address mechanisms, the differential reactive stroma (DRS) xenograft model was constructed with
LNCaP carcinoma cells combined with engineered prostate stromal cells. Human prostate stromal cells
exhibited considerable heterogeneity in promotion of LNCaP tumorigenesis. Pro-tumor stromal cells exhibited
elevated expression of CTGF, a downstream factor induced by TGF-f31 in human prostate stromal cells. DRS
xenografts constructed with stromal cells engineered to overexpress CTGF exhibited elevated angiogenesis and
tumorigenesis. DRS xenografts constructed with prostate stromal cells null for TGF-f receptor type Il showed
inhibited angiogenesis and tumorigenesis. Xenografts constructed with stromal cells engineered to overexpress
Smad 3 dominant negative (ASmad 3) expression exhibited a similar attenuated phenotype. Prostate stromal
cells null for TGF-f receptor II or overexpressing ASmad 3 also exhibited attenuated FGF-2 expression and
release (secretion) of FGF-2. LNCaP xenografts constructed with prostate stromal cells that were both null in
TGF receptor I (or positive for ASmad 3) and also engineered to overexpress FGF-2 exhibited rescued
angiogenesis and tumorigenesis to near control levels.

In summary, these data suggest that TGF-f1 mediated signaling in reactive stroma through the TGF-3 receptor
I and in a Smad 3 mediated manner, functions to regulate multiple pro-angiogenic and pro-tumorigenic growth
factors including FGF-2 and CTGF. Together, these factors influence the tumor microenvironment stromal cell
phenotype and stimulate rates of angiogenesis, cancer cell proliferation, and overall tumorigenesis. As CAFs
and MYFs appear as a generic component of most human carcinomas, and TGF-f1 is overexpressed in most
epithelial cancers, targeted therapeutics to TGF-p signaling pathways in CAFs/MYFs may be a useful approach.
Our recent studies have focused on addressing the putative marrow origin of CAFs/MYFs, as targeting the
recruitment of progenitor cells may represent a therapeutic approach. As a component of the NCI Tumor
Microenvironment Network (TMEN) our group has also evaluated reactive stroma markers in tissue arrays of
mammary, colon, lung, prostate, pancreatic, thyroid and brain cancers. These studies are focused on assessment
of common and different microenvironment cell phenotypes and expression of markers in the major human
cancers, as common reactive stroma phenotypes and pathways could represent a general targeting opportunity
for multiple cancers. Supported by RO1 CA58093 and U54 CA126568.
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121 Large Scale-Evaluation of Candidate Genes ldentifies Novel Low-
Penetrance Bladder Cancer Susceptibility Loci

Hushan Yang, Jian Gu, Jie Lin, Yuanging Ye, Ashish M. Kamet, H. Barton Grossman, Colin P.
Dinney, Xifeng Wu

Departments of Epidemiology and Urology, The University of Texas M. D. Anderson Cancer Center

Bladder cancer is a disease relevant to environmental exposure. However, there is compelling evidence that
genetic predisposition plays an important role in its etiology. To identify and validate novel loci that contribute
to bladder cancer, we applied a large scale evaluation of common genetic variations in 998 candidate cancer
genes. Roughly 10,000 functional SNPs and tagging SNPs from these genes were genotyped in a Texas case
control study with 805 pairs of newly diagnosed Caucasian bladder cancer patients and healthy controls. Thirty-
one SNPs exhibited significant association with bladder cancer risk after adjusting for multiple testing with the
g-value (q<0.05). The top two SNPs, rs1485762 in VEGF-C gene and rs3136329 in MSH6 gene, had p values
<0.0001. Furthermore, a total of 10 SNPs were selected and genotyped for VEGF-C, of which 4 in addition to
rs1485762 were associated with risk at the p = 0.005 and q = 0.06 levels. In haplotype analysis of these 5 SNPs,
there was a trend of increased cancer risk with increasing number of variant allele. We also performed
exploratory analyses of the cumulative effect and gene-gene interaction of the 31 significant SNPs in
modulating bladder cancer risk. We found a significant gene-dosage relation between the number of putative
adverse alleles and bladder cancer risk. Compared with the referent group (<11 adverse alleles), individuals with
12-15 (OR=4.74, 95% CI1 2.66-8.47), 16-18 (OR=14.45, 95% CI 7.74-26.98), and =19 adverse alleles
(OR=64.60, 95% CI 28.28-147.80) exhibited progressively increased risks of bladder cancer (P for trend <107).
In classification and regression tree (CART) analysis, we identified potential higher-order gene-gene
interactions and categorized a few higher risk subgroups for bladder cancer. We also incorporated these novel
loci into our previously developed bladder cancer risk prediction model and demonstrated that genetic variations
can improve prediction efficiency of cancer risk. In conclusion, this largest candidate gene association study
identified promising novel bladder cancer susceptibility locus and suggested a gene-dosage effect and gene-gene
interactions in modulating bladder cancer risk. This study highlights that pathway-based candidate gene
approach is still highly valuable and can complement genome-wide association study in identifying cancer
susceptibility loci.

Keywords: bladder cancer, SNP, risk model
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122 DNA Methylation Changes in Prostate Cancer: Promise as Biomarkers
for Diagnosis and Risk Stratification

Srinivasan Yegnasubramanian', Michael Haffner', Raghav Badrinath', David Esopi', Rafael
Irizarry?, Zhijin Wu®, Jeanne Kowalski', Marianna Zahurak', Amanda Blackford', G. Steven Bova®,
William B. Isaacs', Angelo M. De Marzo', William G. Nelson'.

1Sidney Kimmel Comprehensive Cancer Center, 2Department of Biostatistics, School of Public Health, and
3Department of Pathology, at the Johns Hopkins University; “Center for Statistical Sciences, Brown University

Epigenetic gene silencing by CpG island hypermethylation occurs nearly universally in prostate cancer. These
DNA methylation changes have tremendous potential as prostate cancer biomarkers for diagnosis and risk
stratification. To further explore this potential, we have: i) identified novel biomarkers for prostate cancer
diagnosis and prognosis using candidate gene approaches, ii) developed novel technologies for genome-wide
discovery of DNA methylation biomarkers in prostate cancer, and iii) developed a novel technology for rapid,
sensitive, and specific detection of DNA methylation biomarkers in prostate cancer relevant biospecimens.
These findings represent the early stages of the TRWG pathway for biomarker development, including
biomarker discovery and credentialing, and development of lead assays for biomarker detection. Next steps
include early stage clinical trials to assess utility of these DNA methylation biomarkers in prostate cancer
diagnosis and risk stratification.

Keywords: DNA methylation, biomarker, prostate cancer
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123 TGF-Beta Induced Vimentin Expression Predicts Biochemical
Recurrence Following Radical Prostatectomy

Qiang Zhang, Ximing J. Yang, Borko Javonovic, Paul Lindholm, William J. Catalona, Chung Lee
Northwestern University Feinberg School of Medicine

Introduction and Objective: Over-production of TGF-beta by tumor-derived cells is considered to be involved
in epithelial-mesenchymal transitions (EMT) in cancer cells. The role of EMT in prostate cancer remains
unclear. We elucidate the relationship between TGF-beta signaling and EMT and its impact on the progression
of human prostate cancer. Methods: Four human prostate cancer cell lines, including PC3-W (wild type), PC3-
Pro (limited in prostate tissue), PC3-M (with metastasis) and PC3-LN4 (metastasis in lymph nodes) were treated
with or without TGF-beta (1ng/ml/24 hours). As a negative control, these cells were rendered TGF-beta
insensitive by transfection with a dominant negative TGF-beta type Il receptor vector (TBRIIDN). Vimentin
was used as a marker for EMT and was evaluated by immunohistochemical staining and Western blotting.
Corresponding invasion assays were performed by the polycarbonate membrane method. We then studied 600
human prostate tissue specimens which included 100 benign specimens, 196 cancer specimens with low
Gleason’s sum (4-7), and 304 cancer specimens with high Gleason’s sum (8-10). Tissue microarrays and
immunohistochemical staining were performed on TGF-betal and vimentin. Results: Vimentin expression was
significantly increased after treatment with TGF-beta, with more aggressive phenotypes (PC3-LN4 and PC3-M)
demonstrating higher immunohistochemical vimentin expression. At least a 3.5-fold increase in protein
expression was confirmed by quantified western blot when the cells were treated with TGF-beta. There is a
dose-dependent relationship between the TGF-beta concentration and vimentin expression. Invasive cancer cells
increased after treatment with TGF-beta, but decreased after transfection with TBRIIDN. Local TGF-beta
expression was identified in 82.1%, 40.9%, and 19.1% of high and low grade cancers, and benign prostate
tissue, respectively. Vimentin expression was identified in 86.6%, 48.1% and 9.5% of high and low grade
cancers, and benign tissue, respectively. Furthermore, vimentin expression correlated directly with TGF-beta
expression levels. Finally, both high expression of TGF-beta and vimentin correlated with more aggressive
tumors (higher Gleason’s scores). Conclusions: Over expression of TGF-beta by tumors will induce the
expression of vimentin, which confers an aggressive phenotypic transformation. Assessing local TGF-beta
signaling and expression of vimentin in cancerous tissue may be a novel method to evaluate prostate cancer
prognosis.

Keywords: TGF-beta, Vimentin, recurrence
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1 24 Diagnosis of Cancer With High-Resolution Ultrasound

Frank T. Djuth’, Qifa Zhou?, Changgeng Liu’, K. Kirk Shung?

1Geospace Research, Inc; 2NIH Resource on Medical Ultrasonic Transducer Technology, University of Southern
California

This effort focuses on the final development of a high-frequency (100 MHz), broadband ultrasound microsystem
designed to image cellular structure/tissue along the gastrointestinal (GI) tract. The outcome of the current work
is a production prototype. It consists of a paraboloid transmitter, a 16 x 16 ultrasound receiver array, a read-out
integrated circuit (ROIC), and an interposer layer that links the latter two items. Fourteen-bit digitized data flow
from the ROIC to an external computer where three-dimensional (3-D) images are formed. The nominal
sampled volume extends below the GI tract surface to depths in the range 1-4 mm, depending on the proximity
of the sensor to the GI wall. The primary images will be acquired in a conical volume that extends 1.0 to 2.2 mm
in depth with corresponding cross sectional diameters of 0.6 mm and 0.9 mm, respectively. The radial resolution
of the imager is ~9 um. Lateral resolution is dependent on depth; it ranges from 26 um at 1.0 mm depth (on
axis) to ~60 um at 2.2 mm depth (0.5 mm off-axis). The region of depth coverage can be split into several
sample intervals to increase the range of depths. Within the observed volume, cells and tissue structure are
imaged layer-by-layer, and an incisionless biopsy is effectively performed. The size of the sample volume is
determined primarily by current ROIC technology; with increasing time this volume will increase. As it stands,
this system is more than adequate for several key endoscopic functions. These include: 1) the imaging of pre-
cancerous dysplastic mucosa, polyps, and adenomas, 2) real-time grading of dysplasia, 3) immediate viewing of
cellular structure in tumors (e.g., squamous cell carcinoma and adenocarcinoma, benign growths), 4) guidance
for directing fine-needle aspiration biopsies to regions that pose the greatest threat, 5) when used with lower
frequency (5-12 MHz) endoscopic ultrasound, the imager prevents malignancies with large inflamatory
components from 